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1.0  INTRODUCTION 

This  report  descfibes  the  work  accomplished  by  Bell  Helicopter 
Textron  (BHT)  under  USAAVSCOM  Contract  Number  DAAJ01-71-A-0335 
(P2B) , Delivery  Order  Number  0007.  This  is  the  final  technical 
report,  submitted  in  accordance  with  Contract  Data  Requirement 
Sequence  Number  004  of  the  R&D  Basic  Ordering  Agreement. 
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2.0  OBJECTIVES 

The  Automatic?  Inspection,  Diagnostic  and  Prognostic  System  (AIDAPS) 
is  being  developed  by  the  U.S.  Army  Aviation  Systems  Command 
(USAAVSCOM)  for  use  in  Army  aircraft.  AIDAPS  is  intended  to  re- 
duce maintenance  costs  and  improve  flight  safety  by  continuous 
automatic  in-flight  monitoring  of  aircraft  subsystems. 

Previous  progreuns  (References  1 and  2)  were  completed  at  CCAD, 
Corpus  Christi,  Texas, and  at  the  U.S.  Army  Headquarters  and  In- 
stallation Support  Activity,  Granite  City,  Illinois.  A follow- 
on  progrcim  to  develop  an  AIDAPS  prototype  was  awarded  to  the 
Airesearch  Manufacturing  Company,  Torrance,  California.  The  ob- 
jective of  the  effort  reported  herein  was  to  directly  support  the 
AIDAPS  prototype  development. 

3 . 0  SCOPE 

BHT  furnished  personnel,  engineering  services,  facilities  and 
equipment  to  provide  data  and  support  for  the  AIDAPS  developer 
in  three  areas: 

- Test  cell  data  for  the  AIDAPS  developer  to  use  in  determin- 
ing diagnostic  and  prognostic  logic. 

- Engineering  data  and  technical  support  for  AIDAPS  integration 
into  UH-1  and  AH-1  aircraft. 

- Technical  representation  at  AIDAPS  development  sites. 

Engine  related  testing  and  technical  support  activities  were  sub- 
contracted to  AVCO  Lycoming,  and  are  separately  reported  per  AVCO 
Lycoming  Report  No.  LYC  76-56,  November  1976. 

As  a part  of  the  technical  support  task  area,  airframe  and  engine 
training  schools  were  provided  for  the  members  of  the  AIDAPS 
development  team  by  BHT  and  AVCO  Lycoming. 

4.0  RESULTS  AND  DISCUSSION 

Twelve  tasks  were  outlined  in  the  BHT  contract  and  delivery 
order  to  cover  the  objective  and  scope  of  work  outlined  above. 
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The  following  paragraphs  summarize  the  efforts  and  work  accom- 
plished. 

4 . 1 Detailed  Test  Plan  - Task  I 

The  Task  I plan  outlining  the  test  cell  data  collection  and 
analysis  of  discrepant  parts  implanted  in  UH-lH  and  AH-IG 
engines,  transmissions,  and  gearboxes  was  completed  and  sub- 
mitted per  References  (3)  and  (4).  The  test  plan  outlined  the 
test  cell  program  to: 

Obtain  baseline  and  malfunction  signature  data  for  the  de- 
velopment of  analysis  techniques  for  implementation  into 
prototype  AIDAPS  equipment. 

Validate  parts  as  implant  candidates. 

Obtain  degradation  rate  data  for  use  in  failure  prognosis. 

Provide  statistical  confidence  that  part  removal  thresholds 
occur  by  an  adequate  margin  prior  to  failure. 

4 . 2 Installation  of  Equipment  - Task  II 

4.2.1  BHT  Test  Cell 

The  equipment  installed  for  the  BHT  test  cell  data  collection 
effort  is  detailed  in  Reference  (4) . The  BHT  test  cell  is 
illustrated  in  Figure  1.  Make-up  power  into  the  slave  trans- 
mission is  provided  by  a 500  horsepower  electric  motor  through 
an  electro-magnetic  coupling  and  speed-increasing  gearbox.  Make- 
up power  is  added  to  regenerative  loop  power  in  the  slave  trans- 
mission which  drives  the  test  transmission.  Most  of  the  power 
is  circulated  in  the  regenerative  loop,  that  is, out  of  the  mast 
of  the  test  transmission  through  the  overhead  gearbox  to  the 
slave  mast  and  into  the  slave  transmission.  Power  in  the  regen- 
erative loop  is  controlled  by  introducing  torque  into  the  loop 
by  angular  displacement  of  the  lower  ring  gear  with  respect  to 
the  main  case  of  the  slave  transmission.  Torque  in  the  loop  is 
indicated  by  a strain  gaged  shaft  in  the  overhead  gearbox. 

Power  to  the  tail  rotor  drive  train  is  taken  from  the  tail  rotor 
quill  of  the  test  transmission,  transmitted  through  the  42-degree 
and  90-degree  gearboxes,  and  dissipated  by  a water  brake  dyna- 
mometer at  the  output  of  the  90-degree  gearbox. 

4.2.2  Test  Cell  Instrumentation 

The  test  cell  instrumentation  is  illustrated  in  Figure  2.  Accel- 
erometer, RPM,  voice  and  time  data  were  recorded  at  the  end  of 
each  stabilized  diagnostic  run  condition  and  every  10th  prognostic 
cycle  as  discussed  in  Section  4.3.  During  the  Removal  Limit 
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Figure  2. 


Instlrumentatlon  schematic. 
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Confidence  Test  (discussed  in  Section  4.8),  detection  of  the  im- 
plant part  defects  was  accomplished  by  means  of  a High  Frequency 
Resonance  Demodulation  System  which  is  presented  in  Section  4.4. 

4.2.3  Oil  Debris  Monitor  Installation 

The  quality  of  the  transmission  oil  was  monitored  by  a K-West 
Indicating  Screen,  a Capacitive  Oil  Monitor,  an  Environment  One 
Oil  Monitor  and  a nucleonic  oil  monitor.  An  upper  mast  bearing 
debris  collector  was  evaluated  and  three  advanced  chip  detectors 
were  installed  for  evaluation.  The  installation  of  this  equip- 
ment is  illustrated  in  Figure  3,  and  the  results  of  the  test 
installations  are  presented  in  Sections  4.3.2,  4.3.4,  and  4.3.5. 

4.2.4  Implant  Installation 

The  implant  bearing  and  gear  locations  tested  are  presented  in 
Table  I and  Figures  4,  5,  and  6.  The  implants  were  installed 
per  the  installation  and  inspection  procedures  outlined  in  the 
applicable  work  requirements. 

Gear  reaction  and  bearing  loads  were  evaluated  from  the  informa- 
tion contained  in  References  (5)  and  (6) . The  loads  presented 
in  Table  II  are  calculated  for  60%  power,  where  100%  transmission 
and  gearbox  power  is  1000  and  100  horsepower  respectively.  The 
loads  are  directly  related  to  horsepower  at  a constant  RPM. 

Upon  installation,  the  duplex  ball  bearings  are  axially  preloaded 
to  between  50  and  100  lbs.  The  gear  loading  tends  to  separate 
the  gears,  relieving  the  preload  on  the  inner  bearing  while  the 
outer  bearing  absorbs  the  axial  loading.  The  radial  loading  is 
shared  equally  by  each  bearing  set. 

The  preload  on  the  main  input  triplex  bearing  upon  installation 
is  absorbed  by  the  outer  bearing.  The  gear  loading  relieves  the 
preload  while  the  inner  and  middle  bearing  absorb  the  axial  load- 
ing. Ideally,  the  inner  and  middle  bearings  share  the  load 
equally;  however^ for  design  purposes,  each  bearing  is  sized  for 
75%  of  the  axial  load. 

The  failure  data  available  indicated  that  the  member  of  the  bear- 
ing set  carrying  the  axial  loading  is  the  bearing  that  will  tend 
to  fail.  The  duplex  ball  bearing  implants  were  therefore  in- 
stalled with  the  defect  in  the  outer  bearing  half,  and  the  input 
triplex  ball  bearing  was  installed  with  the  defect  in  the  inner- 
most bearing.  Outer  race  defects  were  implanted  with  the  defect 
oriented  in  the  direction  of  the  reactive  radial  bearing  load  as 
outlined  in  Table  II.  Installed  orientation  of  an  implant  with 
a roller,  ball  or  inner  race  defect  is  immaterial  because  these 
are  all  rotating  members. 
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*204-040-500-10  ' Gear  42°  GE  Output  Quill 


TABLE  I (Cont'd) 
TRANSMISSION  AND  GEARBOX 
IMPLANT  LOCATIONS 


Figure  6.  90-degree  gearbox  implant  locations. 


i 

I 

•i 

I 


1 


699-099-038 


11 


t 


HeLJOO^  TBR 


Us9  or  disck)sure  ol  04U  on  this  p«qr  is 
subfKl  to  the  rfsiriction  on  the  iitk 


TABLE  11 

UH-IH  BEARING  LOADS  AND  REACTIONS 


Bearing 

P/N 

Location 

Load  - 

lbs. 

Direction  of  Load 

Axial 

Radial 

*Axial 

**Radial- 

204-040-143 

42°  Input  Quill 

430 

761 

Fwd 

42°  Output  Quill 

108 

517 

Aft 

31° 

90°  Input  Quill 

709 

595 

FVd 

139° 

Offset  Quill 

Negbl . 

732 

— 

340° 

Sump  Input  Quill 

109 

666 

Dwn 

226° 

T/R  Output  Quill 

533 

737 

Aft 

310 

204-040-310 

42°  Input  Quill 

1445 

. — 

139° 

42°  Output  Quill 

— — — 

1356 

— — — 

216° 

Sump  Input  Quill 

1512 

— 

T/R  Output  Quill 

1319 

— — — 

150° 

204-040-424 

90°  Output  Quill 

231 

67 

Left 

160° 

204-040-407 

90°  Output  Quill 

— 

1255 

— 

Variable 

204-040-406 

90°  Input  Quill 

— 

581 

— 

58° 

205-040-246 

Main  Input  Quill 

2270 

1680 

Aft 

231° 

205-040-245 

Xmsn  Quill  Assy 

289 

2470 

Up 

41° 

204-040-136 

Mast  Assy 

5600 

1188 

Up 

Variable 

204-040-135 

Offset  Quill 

— 

732 

— 

340°  , 

Upper  Xmsn  Assy 

Negbl . 

— — — 

— 

20'  -040-132 

Lower  Planetary 

— 

1890 

Variable 

25 

Upper  Planetary 

3520 

Variable 

r 

1 * Axial  direction  is  referenced  as  installed  in  aircraft. 


**  Radial  direction  is  referenced  as  looking  into  the  42  and  90 
degree  gearboxes,  main  input  and  tail  rotor  quill,  and  down 
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4.2.5  Acceleromctei  Mountincj  Brackets 

External  mountinq  brackets  for  transmission,  42-deqree  qeaibox, 
and  90-degree  gearbox  accelerometers  were  dosigiu'd  and  fain  i- 
cated  by  BHT.  These  brackets  met  the  following  requirements: 

Permitted  accelerometer  installation  without  drillimi, 
tapping,  or  otherwise  altering  the  drive  train  comj^onents. 

Utilized  existing  bolts  and  studs  for  attacliment. 

Provided  for  proper  sensor  orientation  and  installed 
clearance . 

Minimized  resonance  effects. 

Bracket  design  drawings  were  provided  to  Airesearch  for  use  on 
the  AIDAPS  aircrafty  if  desired. 

4 . J Data  Collection  - Task  111 

Drive  train  test  stand  data  was  collected  in  accordance  with  the 
BHT  Test  Plan,  Reference  (4).  Figure  7 shows  the  overall  data 
collection  schedule.  Baseline  Data  was  collected  on  non-defec- 
tive transmissions  and  gearboxes.  Diagnostic  data  was  collected 
with  documented  discrete  defective  implanted  gears  or  bearings 
installed  in  the  transmission  and  gearboxes.  Prognostic  data 
was  collected  during  a Degradation  Rate  test  to  determine  if  a 
critical  drive  train  part  exhibited  a repeatable  detectable  deg- 
radation rate  which  could  be  used  as  a prediction  of  life  re- 
maining, and  during  a Removal  Limit  Confidence  Test  to  determine 
the  probability  of  sufficient  life  remaining  after  a naturally 
degraded  AIDAPS  implant  reached  the  "D"  or  upper  limit  "C"  cate- 
gory. The  parameter  data  collected  is  presented  in  Table  111 
and  the  test  profiles  are  outlined  in  Table  IV.  The  prognostic 
Removal  Limit  Confidence  Test  was  delayed  until  the  MAIC  bearing 
degradation  program  to  provide  fatigue  induced  bearing  defects 
was  completed.  The  data  collection  effort  and  data  analysis 
effort  expended  in  this  program  are  discussed  in  detail  in  the 
following  sections  of  this  report. 

4.3.1  Vibration  Tape  Data 

Accelerometer,  RPM,  voice,  and  time  data  were  recorded  at  a 
speed  of  30  inches/second  in  bursts  of  approximately  one  minute 
at  the  end  of  each  stabilized  diagnostic  run  condition  or  tenth 
prognostic  cycle  per  Table  IV.  A Honev'well  Model  96,  font  teen  — 
track  tape  recorder  was  utilized.  A Systron-Donner  Model  m50 
Time  Code  Generator  was  used  to  generate  a modified  IRIG  B tor- 
mat  time  code  track  in  teims  of  Binary  Coded  Decimal  hour,  minute, 
and  second . 
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TABLE  III 


PARAMETER  DATA  RECORDED 


Parameter 

Sensor  Type 

XMSN  Mast  Torque 

Strain  Gage 

Tail  Rotor  Power 

Water  Brake 

XMSN  Input  Speed 

D.C.  Tachometer 

Cell  Ambient  Temperature 

Thermometer 

XMSN  Oil  In  Temperature 

C/A  Thermocouple 

XMSN  Oil  Out  Temperature 

C/A  Thermocouple 

42°  G/B  Oil  Temperature 

C/A  Thermocouple 

90°  G/B  Oil  Temperature 

C/A  Thermocouple 

XMSN  Oil  In  Pressure 

Pressure  Gage 

XMSN  Oil  Out  Pressure 

Pressure  Gage 

AP  Capacitive  Monitor 

Pressure  Gage 

AP  Env-1  Monitor 

Pressure  Gage 

AP  Nucleonic  Monitor 

Pressure  Gage 

Hydraulic  Pump  Output 
Pressure 

Pressure  Gage 

Generator  Load 

Ammeter 

XMSN  Mast  Bearing 
Vibrations 

Vibration  Transducer 

XMSN  Input  Quill 
Vibrations 

Vibration  Transducer 

XMSN  Mast  Bearing 
Vibrations 

Vibration  Transducer 

XMSN  Input  Quill 
Vibrations 

Vibration  Transducer 

XMSN  T/R  Output  Quill 
Vibrations 

Vibration  Transducer 

42°  G/B  Input  Quill 
Vibrations 

Vibration  Transducer 

Record 


Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Log 

Sheets 

Tape 

Recorder 

Tape 

Recorder 

Tape 

Recorder 

Tape 

Recorder 

Tape 

Recorder 

Tape 

Recorder 

699-099-038 
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TABLE  III  (Continued) 


Parameter 

Sensor  Type 

Record 

42°  G/B  Output  Quill 
Vibrations 

Vibration  Transducer 

Tape  Recorder 

90°  G/B  Input  Quill 
Vibrations 

Vibration  Transducer 

Tape  Recorder 

XMSN  Accessory  Quill 
Vibrations 

Vibration  Transducer 

Tape  Recorder 

XMSN  Ring  Gear  Case 
Vibrations 

Vibration  Transducer 

Tape  Recorder 

XMSN  Chips 

Magnetic  Chip  Detector 

Log  Sheets 

42°  Chips 

Magnetic  Chip  Detector 

Log  Sheets 

90°  Chips 

Magnetic  Chip  Detector 

Log  Sheets 

XMSN  Chips 

K-West  Indicating 

Screen 

Log  Sheets 

XMSN  Oil  Contamination 

Franklin  Capacitive 
Indicator 

Log  Sheets 

XMSN  Oil  Contamination 

Environment  One  Light 
Beam 

Log  Sheets 

XMSN  Oi 1 Contamination 

Nucleonic  X-Ray 
Flourescence 

Log  Sheets 

XMSN  RPM  Signal 

Generator 

44  Tooth  Wheel 

Tape  Recorder 

699-099-038 


TABLE  IV.  AIDAPS POWER  TRAIN  CELL  TEST  PROFILES 


Removal  Limit  Confidence  Runs 
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Thf  tape  recorder  track  assignments,  parameters  recorded,  accel- 
erometers utilized  and  record  mode  are  outlined  in  Table  V.  Tlie 
accelerometer  typos  and  record  mode  changes  were  specified  through 
Ku"  ?‘)2  by  the  Airesearch  Manufacturing  Company  in  order  to  com- 
plement and  support  their  flight  test  data  collection  effort  at 
Ft.  Kucker.  The  accelerometer  typos  and  changes  during  the  Ue- 
moval  bimit  Test  were  dictated  by  the  requirements  ol  Die  High 
Fiequency  Resonance  Demodulation  data  reduction  techniejue.  Table 
VI  summarizes  the  data  collection  runs.  Accelerometer  locations 
are  shown  by  Figures  8 and  9. 

4.3.2  Oil  Monitor  Test  Data 

The  oil  condition  mtmitoring  devices  were  installed  in  the  AlDAl’S 
transmission  test  stand  in  accordance  witJi  Section  4.2  and  oper- 
ated as  subsequently  described  in  conjunction  wi*)i  the  planned 
transmission  tests.  The  installation  is  shown  schematic.il  ly  in 
Figure  1.  The  screen  discs  were  removed  from  the  transmission 
internal  oil  filter  in  order  to  permit  particles  to  flow  through 
to  the  oil  monitors  downstre.im.  The  char.icter i st  ics  of  the  mon- 
itors determined  their  relative  position  in  the  flow  p.ith.  The 
K-West  screen  was  placed  first  bec.iuse  it  traps  relatively  l.irge 
particles,  .ind  passes  those  which  .ire  less  th.in  apj^rox im.itely 
1000  microns.  The  capacitativo  monitor  contains  a screen  which 
removes  particles  l.irger  th.in  50  microns.  The  Environment  One 
and  nucleonic  monitors  do  not  trap  p.irticles.  Both  were  installed 
downstream  of  tlie  coarse  filter  in  the  cap.icit.itive  monitor  in 
order  to  pievent  internal  dam.ige  or  stoppage  by  debris.  To  main- 
tain Die  order  of  decreasing  particle  size  detection,  the  Envir- 
onment One  unit,  which  senses  particles  in  suspension,  was  placed 
ahc.id  of  the  nucleonic,  which  senses  metals  in  solution.  Tlie  oil 
tlien  ri<iwed  through  the  test  st.ind  oil  cooler  and  filter  before 
entering  the  transmission  lubrication  system. 

4 . 3 . 2 . 1 K-West  Indicating  Ecroon 

The  K-West  Mtulel  53JDA  screen  is  shown  in  Figure  10.  The  screen 
is  constructed  of  conductive  circumferential  wires,  sep.ir.ited  by 
longitudinal  non-conductive  strands.  A conductive  particle  .icross 
any  two  .idjacent  wires  in  the  grid  completes  a circuit  wliich  .ic- 
tivatos  iin  indic.iting  light.  The  AIDAPS  screen  w.is  wired  to  pro- 
vide three  indic.iting  zones.  Assuming  that  a particle  I lows  to 
the  eml  of  the  screen  before  coming  to  rest  across  two  conductors, 
the  first  particle  trapped  would  illumin.ate  the  "10  [lercent"  zone 
light.  Further  particles  would  have  no  effect  until  the  zone  was 
filled,  then  tlie  "20  percent"  zone  light  would  come  on,  and 
finally  the  "over  10  percent"  light.  Ideally,  the  screen  would 
be  installed  in  a sc.tvenge  line.  In  tlie  UH-1  transmission,  the 
only  possible  way  to  install  the  screen  was  to  design  it  to  re- 
place the  standard  oil  pump  inlet  screen.  The  physical  constraints 
of  this  installation  necessitated  a non-optimum  screen  design. 
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TABLK  V 


S’**  ' ' I'.NMi  r 


v." 

Vi brat  Lon 

Record 

Trac^ 

. .•■  < Pyrame  tar 

Transducer 

Mt^ili' 

> ji  \ V,  ' 

'j 

« ,’  A,  Runs 

1 throuvjh  11 

1 

Maat’  Huar  ini-j 

B&K  Model  4J4.) 

KM 

2 

Voico  * .‘^ 

P i ri'ot 

j 

Inputs, 'i^ui  11 

Bi-K  Model  4 34  3 

KM 

4 .. 

RRW  V 

1) i root 

5 

Haat 

MB  Model  11 

KM 

0 

^ Tiitte  CuiJe 

Pi  rei't 

7 

Inpui:  l>uill 

MB  Model  14 

KM 

8 

Tail  lititoc  Ouiil 

Endevco  Model  6222M2 

(•'M 

9 

42"  lopvAt 

Endevco  Model  b222M2 

l'’M 

— 

10 

4 2 tlUtput 

CRL  Model  1111-1 

l■’M 

11 

. 90"  liiiHit 

CRL  Model  1111-1 

KM 

12 

90"  Output 

CRL  Model  1111-1 

I'M 

1 J 

nydtraulio  Pumj.'  Ouiil 

CRL  Model  1111-1 

KM 

14 

Riny  dear 

CRL  Model  1111-1 

KM 

B.  Runs 

12  through  58 

1 

Mn!it  Boarinij 

BS.K  Model  4 34  3 

KM 

> 

Vo  ico 

Pi  I'eet 

1 

Input  Ouill 

B&K  Model  4343 

KM 

4 

RPM 

Pi  reel 

6 

Mast  Bearinq 

MB  Model  11 

l''M 

b 

Tiiu*)  Otxio 

P i i i'i't 

7 

Input  Quill 

MB  Model  14 

KM 

8 

TaiJ.  Rotor  Quill 

MB  Model  14 

Pi  reel 

9 

42"  Output 

CRL  Model  1111-1 

KM 

10 

42"  Input 

Endevco  Model  6222  M2 6 

Pi  I Old 

11 

9o"  Input 

CRL  Model  1 1 1 1-  1 

I'M 

12 

90"  Output 

C!iL  Model  1111-1 

KM 

1 -1 

Hydraulic  Pvunp  Quill 

CRL  Model  1111-1 

KM 

14 

Ring  Oaar 

CRL  Model  1111-1 

I'M 

C.  Runs 

59  through  458 

1 

Ma:it  Bearing 

BS.K  Model  4 34  3 

KM 

2 

Input  Quill 

B&K  Model  4343 

t'M 

J 

Mast  Bearing 

MB  Model  11 

I'M 

0m 

4 

Input  Quill 

Mode 1 14 

KM 

5 

Tail  Rotor  Quill 

Endevco  Model  6222M26 

Pi  reel 

6 

42"  Input 

Endevco  Model  b222M2b 

Pi  reel 

7 

CRL  Model  1111-1 

KM 

0m 

8 , 

'9Q°-f^pUt  . 

CRL  Model  1111-1 

KM 

9 

90®  Output 

CRL  Model  1111-1 

KM 

J 

699-099-0.18 


I 


J 


HeUICJO^  FBR  OOMTiiKMV 


Ust  or  diiclosurt  ol  Mli  on  lhi%  ptge  n 
iut>|*cl  to  Iht  reilriction  on  lh<  lilK  poqr 


TABLE  V (Cont'd) 

TAPE  RECORDER  TRACK  ASSIGNMENTS 


Track 

Parameter 

Vibration 

Transducer 

Record  f 
Mode 

C.  Runs  59 

through  58  (Cont'd) 

10 

Hydraulic  Pump  Quill 

CRL  Model  1111-1 

FM 

11 

Ring  Gear 

CRL  Model  1111-1 

FM 

12 

RPM 

Direct 

13 

Voice 

Direct 

14 

Time  Code 

Direct 

D.  Runs  459  through  491 

8 

90°  Input 

CRL  Model  1111-1 

FM 

9 

90  Output 

CRL  Model  1111-1 

FM 

12 

RPM 

Direct 

13 

Voice 

Direct 

14 

Time 

Direct 

E.  Runs  492  through  527 

1 

Mast  Bearing 

B&K  Model  4343 

FM 

2 

Input  Quill 

B&K  Model  4343 

FM 

3 

Mast  Bearing 

MB  Model  11 

FM 

4 

Input  Quill 

MB  Model  14 

FM 

5 

Tail  Rotor  Quill 

Endevco  Model  6222M26 

Direct 

10 

Hydraulic  Pump  Quill 

CRL  Model  1111-1 

FM 

11 

Ring  Gear 

CRL  Model  1111-1 

FM 

12 

RPM 

Direct 

13 

Voice 

Direct 

14 

Time 

Direct 

F.  Runs  528  through  792 

120  Hour  Degradation  Rate  Test 

1 

Mast  Bearing 

BS.K  Model  4 34  3 

FM 

2 

Input  Quill 

B&K  Model  4343 

FM 

3 

(Not  Used) 

B&K  Model  4343 

FM 

4 

(Not  Used) 

B&K  Model  4343 

FM 

5 

Tail  Rotor  Quill 

Endevco  Model  6222M26 

Direct 

6 

42°  Input 

Endevco  Model  6222M26 

Direct 

7 

42°  Output 

CRL  Model  1111-1 

FM 

8 

90°  Input 

CRL  Model  1111-1 

FM 

9 

90°  Input 

CRL  Model  1111-1 

FM 

10 

Hydraulic  Pump  Quill 

CRL  Model  1111-1 

FM 
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TABLE  V (Concluded) 

TAPE  RECORDER  TRACK  ASSIGNMENTS 


Track 

Parcimeter 

Vibration 

Transducer 

Record 

Mode 

F . Runs  5 

28  through  792  (Cont'd) 

11 

Ring  Gear 

CRL  Model  1111-1 

FM 

12 

RPM 

Direct 

13 

Voice 

- 

14 

Time  Code 

L . _ ..  .. 

Direct 

G.  Runs  793  through  965 

Removal  Limit  Confidence  Test 

1 

(Not  Used) 

2 

Upper  Mast  Bearing 

B&K  Model  8309 

Direct 

3 

Xmsn  Input  Quill 

B&K  Model  4344 

Direct 

4 

Xmsn  Ring  Gear 

B&K  Model  8309 

Direct 

5 

Tail  Rotor  Quill 

B&K  Model  8309 

Direct 

6 

42°  Input 

B&K  Model  4344 

Direct 

7 

42°  Output 

B&K  Model  4344 

Direct 

8 

90°  Input 

B&K  Model  4344 

Direct 

9 

90°  Output 

B&K  Model  4344 

Direct 

10 

(Not  Used) 

B&K  Model  4344 

Direct 

11 

(Not  Used) 

B&K  Model  4344 

Direct 

12 

RPM 

Direct 

13 

Voice 

- 

14 

Time  Code 

Direct 

H.  Runs  966  and  Subsequent 

1 

(Not  Used) 

2 

Upper  Mast  Bearing 

B&K  Model  4344 

Direct 

3 

Xmsn  Input  Quill 

B&K  Model  4344 

Direct 

4 

Xmsn  Ring  Gear 

B&K  Model  4344 

Direct 

5 

Tail  Rotor  Quill 

B&K  Model  4344 

Direct 

6 

42°  Input 

B&K  Model  4344 

Direct 

7 

42  Output 

B&K  Model  4344 

Direct 

8 

90°  Input 

B&K  Model  4344 

Direct 

9 

90°  Output 

B&K  Model  4344 

Direct 

10 

(Not  Used) 

B&K  Model  4344 

Direct 

11 

(Not  Used) 

B&K  Model  4344 

Direct 

12 

RPM 

Direct 

13 

Voice 

Direct 

14 

Time  Code 

Direct 
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TABLE  VI.  AIDAPS  TEST  CELL  RUN  SUMMARY 
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Input  Quill  

299-096-100-1  nracket 


TR  Output  Quill 
299-096-101-1  Bracket 


Rinq  Gear  Case 

Hydraulic  Pump  Quill— ^ 

299-096-102-1 

Bracket 

299-096-104-1  Bracket 

Figure  8. 

Transmission  vibration 

transducer  locations. 

699-099-038 

42°  G/B  Input  Quill  — 
299-096-105-9  Bracket 


42°  G/B  Output  Quill 
299-096-105-1  l^racket 


90°  G/B  Input  Quill  “ 
90°  G/B  (Xitput  Quill 
299-096-106-1  Bracket 


Figure  9.  Gearbox  vibration  transducer  locations 
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In  operation,  the  screen  did  indicate  the  presence  of  debris. 
However,  the  debris-collection  did  not  progress  through  the  zones 
as  expected.  Particles  appeared  to  lodge  in  the  screen  at  random 
locations,  resulting  in  random  actuations  of  the  three  zone  in- 
dicator lights.  When  the  presence  of  debris  was  indicated,  it 
was  extremely  difficult  to  clean  the  screen  and  clear  the  actua- 
tion. Finally,  during  the  Removal  Limit  Confidence  Tests,  the 
screen  became  obstructed  by  debris  from  a failing  bearing,  with 
consequent  loss  of  transmission  oil  pressure.  Most  of  these 
problems  were  due  to  the  design  of  this  particular  screen,  and 
would  not  necessarily  be  the  case  with  a more  conventional  in- 
stallation . 

It  is  concluded  that  the  K-West  screen  provides  a simple,  positive 
means  of  indicating  the  presence  of  relatively  large  conductive 
particles  in  the  oil.  As  compared  to  a chip  detector,  it  is  not 
subject  to  "fuzzy"  buildup,  and  is  not  restricted  to  magnetic 
material.  When  installed  in  a lubrication  system,  the  screen 
must  be  easily  accessible  for  cleaning  and  must  have  bypass  pro- 
visions in  the  event  the  debris  from  a major  failure  clogs  the 
screen.  If  indicating  zones  are  used,  there  may  be  some  value 
in  knowing  the  number  of  zones  activated;  however,  this  should 
not  be  interpreted  as  "percent  full."  Three  particles  in  one 
zone,  or  one  particle  in  each  of  three  zones,  appears  equally 
probable.  The  K-West  for  use  as  a pump  inlet  screen  is  not 
recommended . 

4. 3. 2. 2 Capacitative  Oil  Debris  Monitor 

An  experimental  Capacitative  Oil  Debris  Monitor  was  provided  by 
USAAMRDL  for  evaluation.  This  device  was  designed  and  construct- 
ed by  Franklin  Institute  Research  Laboratories,  Philadelphia, 
Pennsylvania,  under  contract  to  USAAMRDL.  The  monitor  sensor  is 
shown  schematically  by  Figure  11,  and  is  described  in  detail  by 
•*"ence  (7).  Debris  removed  by  an  internal  screen  falls  into 
th».  gap  between  two  plates  of  a capacitor,  thus  changing  its 
dia'ectric  characteristics,  and  therefore  capacitance,  in  a manner 
whicn  is  proportional  to  the  amount  of  debris  collected.  The 
capacitance  of  the  measurement  capacitor  is  compared  to  that  of 
a reference  capacitor  (which  sees  only  filtered  oil)  by  means  of 
an  electronic  readout  unit. 

During  most  of  the  tests,  not  enough  debris  was  generated  to 
cause  any  appreciable  actuation  of  the  indicators.  The  original 
screen  assembly  was  found  to  be  too  fragile,  and  after  several 
local  repairs,  finally  failed  completely  due  to  inadvertent  re- 
versal of  flow  through  the  unit.  A reinforced  replacement  screen 
was  provided  by  Franklin  Labs.  It  was  anticipated  that  the 
Removal  Limit  Tests  would  generate  enough  debris  to  exercise 
the  unit.  However,  during  these  tests,  there  were  still  no 


30 


699-099-038 


r 


oOMM^y 


Use  01  disclosure  of  deu  on  this  (Mge  is 
subject  lo  the  restriction  on  the  title  oege 


i 

k 

t 


i 


indications.  The  readout  unit  was  checked  by  the  BHT  instrumen- 
tation Laboratory  and  found  to  be  inoperative.  Trouble-shooting 
was  pursued  only  to  the  point  of  determining  that  the  unit  was 
not  readily  repairable  locally.  By  this  time  the  test  program 
was  near  completion  and  there  was  not  time  for  a vendor  repair. 
Although  the  screen  is  supposed  to  be  self-cleaning  by  means  of 
a swirl  imparted  to  the  entering  oil,  this  action  was  not  com- 
pletely successful  and  the  screen  again  collapsed  due  to  debris 
buildup . 


It  is  concluded  that  the  sensor  and  related  readout  electronics 
are  too  large,  heavy,  and  complex  for  an  aircraft  application. 

The  equipment  should  be  suitable,  however,  for  ground  based 
equipment.  Pressure  drop  across  the  unit  is  undesirably  high, 
and  would  require  a bypass  for  cold  start  operation.  It  is 
realized  that  the  unit  provided  was  designed  only  to  prove  the 
concept,  and  that  the  objections  noted  could  be  reduced  by  a 
development  effort.  Also,  due  to  the  various  circumstances 
noted,  the  AIDAPS  tests  did  not  provide  the  desired  extent  of 
evaluation . 

4. 3. 2. 3 Environment  One  Equipment  Condition  Monitor 

An  Environment  One  sensor  and  readout  unit  was  procured  from  the 
Environment  One  Corporation,  Schenectady,  New  York,  in  accordance 
with  the  Statement  of  Work.  The  sensor  unit  is  shown  schematic- 
ally by  Figure  12.  This  unit  utilizes  a beam  of  light  and  two 
photoelectric  sensors.  The  light  beam  shines  through  the  oil  as 
it  flows  through  the  sensoi . Scatter  and  attenuation  of  the 
light  beam  due  to  particles  in  the  oil  are  measured  by  the  photo- 
electric cells,  and  indicated  by  meters  on  the  readout  unit.  A 
rotating  vane  within  the  unit  provides  a signal  which  is  propor- 
tional to  oil  flow  rate,  which  also  is  indicated  on  the  readout 
unit.  The  unit  does  not  remove  contaminants  from  the  oil.  It 
is  intended  to  detect  the  presence  of  dust-like  particles  sus- 
pended in  the  oil,  and  should  not  be  located  where  large  debris 
may  be  introduced . 

The  equipment  operated  satisfactorily  during  the  AIDAPS  baseline 
and  diagnostic  runs  ; however,  as  previously  noted,  these  runs 
produced  very  little  debris.  On  11  June  1974,  BHT  was  directed 
by  USAAVSCOM  to  send  the  equipment  to  Avco  Lycoming  for  use  dur- 
ing AIDAPS  engine  prognostic  tests.  It  was  to  be  returned  to 
BHT  prior  to  initiation  of  the  Removal  Limit  Tests.  However, 
the  sensor  unit  was  apparently  lost  at  Lycoming,  and  therefore 
was  not  available  for  further  BHT  evaluation. 

The  Environment  One  is  a production  device,  which  gives  it  a 
considerable  advantage  over  the  other  one-of-a-kind  units.  The 
sensor  is  small,  light,  easily  installed,  and  doesn't  leak. 
Pressure  drop  is  acceptably  low,  and  the  readout  unit  is  simple. 
There  may  be  a problem  in  relating  the  scatter  and  attenuation 
readings  to  required  maintenance  actions.  In  this  regard,  the 
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system  is  similar  to  ASOAP,  i.e.,  manual  or  automatic  trending  is 
probably  required  to  detect  an  abnormal  rate  of  increase  in  the 
measured  parameters.  The  major  drawback  to  use  of  the  system  in 
a relatively  inexpensive  aircraft  is  cost.  The  1973  cost  of  the 
equipment  discussed  here  was  approximately  $4300.00. 

4. 3. 2. 4 Nucleonic  Oil  Debris  Monitor 

A nucleonic  oil  debris  monitoring  system  was  provided  by  USAAMRDL 
for  evaluation.  This  equipment  was  designed  and  developed  by 
Nucleonic  Data  Systems,  Inc.,  Irvine,  California,  under  contract 
to  USAAMRDL.  The  system  is  shown  schematically  by  Figure  13,  and 
is  described  in  detail  by  Reference  (8) . As  oil  flows  through 
the  sensor  unit,  it  is  exposed  to  a radiation  source  (plutonium 
238) . If  metallic  particles  are  present  in  the  oil.  X-rays  are 
emitted  in  response  to  the  incident  radiation.  These  fluorescent 
X-ray  emissions  are  sensed  by  a radiation  detector,  the  output  of 
which  is  electronically  conditioned  to  provide  a readout  which  is 
proportional  to  contamination  level.  A problem  developed  even 
before  the  unit  was  received,  relative  to  the  transportation, 
receipt,  handling,  and  storage  of  radioactive  material.  Fortu- 
nately, BHT  was  already  licensed  in  this  regard  by  the  State  of 
Texas,  and  the  license  was  amended  to  include  the  nucleonic 
monitor . 

Installation  into  the  test  setup  was  difficult,  both  due  to  the 
fragile  nature  of  the  sensor,  and  the  lack  of  suitable  connecting 
fittings.  During  preliminary  run-up  of  the  test  stand,  the  unit 
leaked  profusely.  It  was  also  noted  that  the  pressure  drop  across 
the  entire  oil  monitor  setup  was  unacceptably  high.  The  oil  mon- 
itors were  removed  and  checked  one  at  a time  on  a flow  bench.  At 
rated  flow  of  15  GPM,  the  Environment  One  A P was  4 psi,  and  the 
Franklin  AP  was  15  psi.  Pressure  drop  across  the  nucleonic 
sensor  was  unrepeatable,  at  one  point  reaching  45  psi  at  10  GPM. 
Per  USAAVSCOM  direction,  the  unit  was  returned  to  the  vendor  on 
19  March  1974  and  was  not  returned  to  BHT;  therefore  no  further 
evaluation  was  possible. 

4. 3. 2. 5 Transmission  Spectrometric  Oil  Analysis 

AVSCOM  requested  that  oil  samples  be  obtained  from  the  test 
transmission  during  the  prognostic  Degradation  Rate  Test  and  the 
Removal  Limit  Confidence  Test  conducted  in  the  BHT  test  cell  as 
discussed  in  Section  4.8.  Two  oil  bottle  samples  were  obtained 
as  requested.  One  bottle  was  delivered  to  AVSCOM  for  analysis 
and  the  other  bottle  was  delivered  to  the  Vought  Corporation 
Laboratory  for  analysis.  The  Vought  Corporation  Laboratory 
analysis  is  presented  in  Table  VII. 

4.3.3  Hydraulic  Pump  Monitoring 

The  measurement  of  hydraulic  pump  case  drain  flow  was  investigated 


( 
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TABLE  VII 

TRANSMISSION  SPECTROMETRIC  OIL  ANALYSIS 
ATOMIC  ABSORPTION 


Fe 

- Iron 

Si 

- Silicon 

Cr 

- Chrome 

Cu 

- Copper 

Sn 

- Tin 

Ag 

- Silver 

Mg 

- Magnesium 

Ni 

- Nickle 

A1 

- Aluminum 

(All  data  in  parts  per  million) 


Degradation  Rate  Test 


Sample 

Test 

Hours 

Fe 

Cr 

Sn 

Mg 

Si 

— 

Cu 

Ni 

A1 

Test  Block 

#1 

OOIA 

5 

1.2 

0 

3.0 

0 

0 

.2 

0 

.3 

2.0 

002A 

16 

3.1 

0 

3.0 

.36 

0 

1.3 

0 

.2 

2.6 

003A 

30 

3.9 

0 

3.0 

. 57 

3.0 

3.1 

0 

. 1 

1.8 

004A 

40 

3.8 

0 

3.0 

.58 

3.0 

3.1 

0 

.2 

1.1 

Test 

Block 

#2 

005 

6 

3.5 

0 

3.0 

.47 

2.0 

3.5 

0 

.3 

1.7 

006 

20 

3.0 

0 

4.0 

. 34 

3.0 

2.2 

0 

.1 

.4 

007 

30 

3.6 

0 

5.0 

.41 

0 

2.3 

0 

.2 

0 

008 

40 

3.9 

0 

5.0 

.42 

1.0 

2.2 

0 

.2 

. 3 

Test 

Block 

#3 

009 

10 

4.6 

0 

4.0 

.47 

0 

2.1 

0 

.2 

. 6 

010 

20 

4.7 

0 

5.0 

.22 

0 

.4 

0 

.4 

2.3 

Oil 

30 

6.1 

0 

3.0 

.50 

0 

.7 

0 

.4 

.7 

012 

40 

8.7 

0 

3.0 

.61 

0 

1.0 

0 

.5 

()  . 1 

During  these  tests  the  only  discrepant  transmission  implant  was  a 
spalled  upper  sun  gear.  Degradation  of  the  gear  during  the  tests 
was  negligible,  as  indicated  by  the  small  increase  in  iron. 
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TABLE  VII.  (Cont’d) 
Removal  Limit  Confidence  Test 


Sample 

Test 

Hours 

Fe 

Cr 

Sn 

Mg 

Si 

Cu 

Ag 

Ni 

A1 

Test 

Block 

#1 

013A 

0 

4.2 

0 

0 

.73 

1.0 

0 

0 

0 

.4 

014A 

10 

5.8 

.2 

0 

.85 

0 

1.0 

0 

0 

.7 

015A 

20 

12.0 

.2 

0 

1.07 

2.0 

1.5 

.1 

.2 

. 3 

016A 

30 

14.9 

.4 

0 

1.23 

1.0 

2.1 

.2 

.2 

.9 

017A 

40 

15.7 

.3 

0 

1.33 

1.0 

11.2 

.6 

.1 

2.6 

018A 

50 

18.1 

.7 

0 

1.59 

1.0 

13.8 

.9 

.5 

3.6 

019A 

60 

18.8 

.5 

0 

1.60 

4.0 

14.2 

.8 

.4 

3.2 

020A 

70 

22.9 

.5 

0 

1.81 

1.0 

16.0 

.8 

. 5 

4 . 3 

022A 

90 

24.8 

. 6 

0 

2.18 

1.0 

32.4 

.6 

. 5 

6.4 

023A 

91.8 

25.5 

.6 

0 

2.33 

4.0 

34.2 

.6 

.8 

9.7 

Test 

Block 

#2 

024A 

0 

2.8 

0 

0 

.38 

6 

.5 

0 

0 

1.4 

025A 

20 

10.4 

0 

0 

.67 

2 

3.2 

0 

.3 

4.4 

026 

30 

10.2 

0 

0 

.64 

0 

3.8 

0 

. 3 

3.2 

027A 

40 

11.4 

0 

0 

.69 

5 

4.2 

0 

. 1 

4.4 

028A 

50 

13 . U 

0 

0 

.83 

n 

14.7 

0 

. 1 

5 . 7 

029A 

60 

12.6 

0 

0 

.83 

0 

23.8 

0 

.2 

6.9 

030A 

70 

13.8 

0 

0 

.81 

0 

32.3 

0 

.2 

10.9 

031A 

80 

13.7 

0 

0 

.89 

3 

32.8 

0 

. 1 

11 . 2 

032A 

90 

10.8 

0 

0 

. 73 

0 

28.6 

0 

0 

8.9 

Test 

Block 

#3 

0 3 3A 

5 

8.4 

0 

0 

. 56 

0 

2.0 

0 

, 2 

1.3 

034A 

10 

10.1 

0 

0 

. 68 

0 

1.8 

0 

0 

1 . 3 

0 3 5A 

20 

14.7 

0 

0 

1.04 

0 

2.6 

0 

. 2 

1 .9 

036A 

30 

17.2 

0 

0 

1.31 

0 

2.8 

0 

.2 

4.2 

037A 

40 

18.2 

0 

0 

1.65 

0 

2.8 

0 

. 3 

3.0 

038A 

50 

19,8 

0 

0 

1.85 

4 

2.9 

0 

.2 

3.8 

039A 

60 

18.5 

0 

0 

1.97 

0 

2.7 

0 

.1 

2.1 

040A 

70 

020.2 

0 

0 

2.10 

0 

2.6 

0 

.2 

3.5 

041A 

80 

022.8 

0 

0 

2.51 

0 

3.0 

0 

. 3 

4.7 

042A 

90 

021.8 

0 

0 

2.73 

1 

2.8 

0 

.5 

3.0 

04  3A 

100 

021.3 

0 

0 

2.73 

1 

2.5 

0 

.4 

5.3 

Numerous  discrepant  parts  were  installed  during  these  tests,  as 
indicated  by  increase  in  iron.  During  Block  1 & 2,  a bronze 
planetary  bearing  retainer  was  destroyed,  as  indicated  by  the 
increase  in  copper.  Based  upon  this  limited  sample,  the  SOAP 
results  appear  to  correlate  reasonably  well  with  actual  condition. 
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as  a possible  method  of  diagnostic/prognostic  pump  health  monitor- 
ing. An  A*-kwin  flow  monitor,  as  illustrated  in  Figure  14,  was  re- 
ceived fro,,  \rkwin  Industries  for  evaluation  in  conjunction  with 
UH-IH  and  AH-IG  hydraulic  pumps 


The  Arkwin  unit  was  calibrated  (Figure  15)  and  shipped  to  Fort 
Rucker,  Alabama,  and  installed  during  ground  run  operations  on  three 
AIDAPS  test  helicopters.  The  impressed  voltage  (115  Vac)  was  mon- 
itored across  Terminals  1 and  2 and  the  output  voltage  noted  with 
the  helicopter  operating  at  100%  rotor  RPM.  The  output  voltage 
results  from  the  three  helicopters  were  0.5,  0.2,  and  0.1  Vac, 
which  is  below  the  specified  measuring  range  of  the  flow  monitor. 

The  Arkwin  Flow  Monitor  was  then  installed  on  a test  stand  at  CCAD, 

Corpus  Christ! , Texas,  in  the  pump  bypass  flow  measuring  circuit. 

The  pumps  tested  during  this  period  were  all  within  the  allowable 
case  flow  range,  and  the  Arkwin  flow  monitor  read  correctly  to  a 
low  flow  of  0.045  GPM.  A review  of  pump  test  records  was  conduct- 
ed for  the  first  quarter  of  1975  at  the  CCAD  Quality  Audit  and 
Assessment  Branch.  Data  from  160  AH-IG  and  UH-IH  overhauled  pumps 
showed  an  average  case  flow  rate  of  169  cc/min  (0.045  GPM)  with 
recorded  maximum  and  minimum  flow  rates  of  360  and  75  cc/min  re- 
spectively. Two  pump  records  noted  high  case  drain  flow  as  the 
reason  for  their  initial  rejection.  One  PVB-044-2  pump  was  re- 
jected because  of  0.7  GPM  case  flow  and  one  PV3-044-8  pump  was 
rejected  because  of  0.5  GPM  case  flow.  Both  pumps  failed  to  meet 
minimum  outlet  flow  requirements  but  the  specific  conditions  were 
not  noted. 

Two  operational  AH-lG  Vickers  model  PVB-044-2  hydraulic  pumps  and 
two  rejected  UH-lH  Vickers  model  PV3-044-8  hydraulic  pumps  were 
tested  in  the  BHT  Mechanical  Test  Lab  to  determine  how  the  bypass 
flow  data  compared  with  pump  condition.  The  results  are  presented 
in  Table  VIII  and  Figure  16.  The  specification  requirements  for 
the  AH-IG/UH-IH  pumps  obtained  from  WR  55-1650-159  are: 

Maximum  case  drain  flow  at  zero  pump  output  flow  = 

0.112  GPM  (AH-IG);  0.122  GPM  (UH-lH) 

Outlet  pressure  at  zero  pump  output  flow  = 

1500  to  1525  PSIG  @5000  RPM  (AH-IG); 

1000  to  1025  PSIG  @4170  RPM  (UH-lH) . 

Minimum  output  flow  = 

6.6  GPM  @1350  PSIG  & 5000  RPM  (AH-IG);  ) 

5.18  GPM  @900  PSIG  & 4170  RPM  (UH-lH). 

The  test  results  indicate  that  case  drain  flow  is  a positive  can- 
didate for  diagnostic/prognostic  pump  health  monitoring.  The  nor- 
mal operating  specification  pump  case  drain  flow  was  below  the  re- 
cording range  of  the  particular  flow  monitor  evaluated  but  other- 
wise the  device  operated  satisfactorily  when  installed  on  the 
AIDAPS  helicopters  and  pump  flow  test  stands. 
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Figure  14.  Arkwin  flow  monitor. 


Helicopter 

Model 

Pump 

Outlet 

Case  Drain 
Flow  (gpm) 

Model 

Serial  No. 

Pressure 

(psi) 

UH-IH 

PV3-044-8 

MX14396 

800 

0 

4 . 5 

680 

2 

3.5 

520 

3 

2.8 

350 

4 

2.  1 

120 

5 

1 . 0 

40 

5.6 

0.77 

XM-237297 

400 

0 

4.1 

AH  - IG 

PVB-G44-2 

HU23-355^ 

1500 

0 

1.06 

1350 

6.6 

1.22 

23-3625 

1520 

0 

.405 

1350 

7.0 

.187 
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4.3.4  Upper  Mast  Bearing  Debris  Collector 

An  upper  mast  bearing  debris  collector  was  installed  and  tested 
during  the  AIDAPS  Removal  Limit  Confidence  Test.  The  debris 
collector  is  designed  to  trap  debris  from  a degrading  upper  mast 
bearing, thus  preventing  secondary  damage  to  other  parts  within 
the  transmission.  A chip  detector  is  incorporated  to  provide 
early  warning  of  a discrepant  bearing.  The  212-048-004-1  debris 
collector  assembly  is  shown  in  Figures  17,  18,  and  19  and  consists 
of  the  following; 


1 each, 
1 each, 
1 each, 
5 each, 
5 each, 
5 each, 
5 each. 


212-048-004-3  Collector  Weldment 

212-048-004-5  Top  Case 

212-048-006-1  Chip  Detector  Adapter 

206-048-031-5  Stud 

AN  320-4  Nut 

AN  960-416L  Washer 

MS  24665-105  Cotter  Key 


Five  of  the  ten  production  AN  126-366  studs  used  to  secure  the 
204-040-349-9  mast  plate  to  the  top  case  were  removed  and  re- 
placed with  the  206-048-031-5  studs.  They  were  installed  into 
the  interior  of  the  top  case  to  allow  the  212-048-004-3  collector 
weldment  to  be  mounted.  After  installation  to  the  required  depth 
for  collector  attachment,  adequate  stud  length  did  not  remain  for 
the  mast  plate  mounting  nuts.  The  tops  of  the  nuts  were  even 
with  the  tops  of  the  studs  when  installed.  The  condition  was  con- 
sidered acceptable  for  test  purposes. 

The  debris  collector  was  installed  for  91.8  hours  of  transmission 
operation.  A spalled  204-040-136-9  mast  bearing  (Implant  BHC-123) 
was  installed  in  the  transmission.  The  chip  detector  was  acti- 
vated six  times  by  chips  from  the  mast  bearing.  The  chips  trapped 
in  the  debris  collector  were  not  readily  visible  during  the  post 
run  inspection  due  to  the  quantity  of  oil  remaining  in  the  collect- 
or. A magnet  was  utilized  to  remove  any  chips  remaining  in  the 
collector  (Figure  20) . These  chips  had  vibrated,  or  were  washed 
to  the  outer  radius  of  the  collector,  were  evenly  disbursed,  and 
had  not  been  flushed  toward  the  chip  detector.  It  is  believed 
that  in  an  operational  helicopter  the  normal  vibration  and  ship 
motion  will  move  more  of  the  debris  toward  the  chip  detector. 

The  212-048-004-1  upper  mast  bearing  debris  collector  served  the 
purpose  for  which  it  was  intended,  trapping  debris  from  a dis- 
crepant upper  mast  bearing  and  indicating  the  failure  by  means 
of  the  chip  detector  installation. 
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4.3.5  Advanced  Chip  Detector  Installations 

The  remotely  indicating  electric  chip  detector  is  a major  air- 
borne monitoring  device  installed  in  helicopter  transmissions, 
gearboxes,  drives,  pumps  and  the  oil  wetted  components  of  engines. 
The  chip  detector  is  used  as  a switch  to  activate  a cockpit  chip 
light  and  indicates  the  arrival  of  a conductive  metal  particle. 
This  is,  however,  the  only  bit  of  information  concerning  the  con- 
dition of  the  mechanical  system  that  is  transmitted.  The  low 
information  content  does  not  allow  any  trend  analysis  and  current 
requirements  demand  that  the  pilot  execute  a precautionary  land- 
ing. Despite  this  limited  capability,  the  electric  chip  detector 
has  been  successful  in  reducing  in-flight  failures  and  secondary 
damage  by  indicating  the  generation  of  wear  particles  leading  to 
the  development  of  gear  and  bearing  failure  modes. 

A recent  Army  evaluation  of  290  precautionary  landings  resulting 
from  the  actuation  of  chip  lights  revealed  the  following: 
Approximately  51%  of  the  chip  indications  were  caused  by  normal 
wear  fuzz;  25%  were  due  to  faulty  electrical  wiring  and  plug 
failures;  12%  were  of  undetermined  cause  and  only  12%  were 
caused  by  actual  failures.  The  electrical  wiring  faults  should 
be  easily  corrected  with  state-of-the-art  connectors.  A desir- 
able condition  monitoring  system  should  consist  of  a real  time 
wear  particle  sensing  device  that  is  capable  of  distinguishing 
failure  characteristic  particles  from  normal  wear  fuzz.  The 
Tedeco  Fuzz-Discriminating  Wear  Debris  Detection  System  and  two 
BHT  Fuzz  Burn-Off  Advanced  Chip  Detector  Systems  with  these 
characteristics  were  evaluated  during  the  Removal  Limit  Confidence 
Test  in  the  BHT  Transmission  Test  Cell  as  outlined  in  Appendix  A. 

4 . 4 Data  Analysis  - Task  IV 

Limited  data  analysis  was  required  to  insure  that  usable  tape 
data  was  being  generated  in  order  to  recommend  instrumentation 
changes  as  required.  A Federal  Scientific  UA-500  Spectrum  Ana- 
lyzer, as  shown  in  Figure  3,  was  used  to  review  each  acceler- 
ometer signal  and  to  try  and  detect  signature  changes  between 
baseline  and  implant  conditions.  No  significant  change  in  the 
spectrum  information  was  detectable  between  baseline  and  implant 
conditions;  any  vibration  signal  changes  were  lost  in  the  over- 
all noise  level.  It  became  obvious  that  more  signal  condition- 
ing was  required  to  assure  that  the  vibration  instrumentation 
would  be  able  to  detect  the  implanted  fault.  As  a result,  a 
High  Frequency  Resonance  (signal  conditioning)  technique  was 
investigated . 

4.4.1  Mechanical  Technology  High  Frequency  Resonance  Technique 

Mechanical  Technology  Incorporated  proposed  to  apply  their 
vibration  analysis  technique  to  the  analysis  of  vibration  data 
on  the  BHT  generated  AIDAPS  data  tapes.  The  MTI  technique  is 
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outlined  in  Reference  (9) . A subcontract  was  awarded  to  MTI  in 

November  1974  and  data  was  provided  to  MTI  for  analysis  covering 

30  tests  of  UH-ln  42-degree  gearboxes.  Included  were  no-defect  ' 

baseline  tests,  and  tests  in  which  a defective  gear  or  bearing 

was  implanted. 

The  principle  of  the  High  Frequency  Resonance  Technique  is  that  | 

defective  parts  will  ring  at  their  resonance  frequencies  and  the 
signal  of  the  defect  which  causes  the  ringing  appears  as  a mod- 
ulation of  the  resonant  frequency.  Two  reasons  were  offered  by 
MTI  for  using  this  technique.  First,  the  resonant  frecjuencies 
are  usually  much  higher  than  other  frequencies  present  in  the 
vibration  spectrum.  A narrow  band-pass  filter  can  therefore  be 
used  to  pass  only  the  portion  of  the  vibration  spectrum  near  the 
resonant  frequency,  thus  rejecting  all  low  frequency  noise. 

Second,  it  is  not  necessary  to  store  a no-defect  baseline  sig- 
nature for  comparison  with  a defect  signature  because  the  reso- 
nant frequency  is  not  excited  and  no  signal  is  present  unless  a 
defect  exists. 

The  task  assigned  to  MTI  was  to  identify  the  implant,  if  in- 
stalled, from  the  data  only,  without  knowing  the  test  conditions. 

MTI  was  provided  the  following  information  with  the  data  tapes: 

The  BHT  Test  Plan  outlining  the  instrumentation,  recording 
equipment,  and  test  procedures. 

Detail  drawings  of  the  42-degree  gearbox,  bearings,  and 
gears . 

Test  stand  data  logs  with  the  implant  identification  data 
removed . 

A listing  of  the  gear  mesh,  bearing  and  shaft  frequencies  of 
interest  within  the  42-degree  gearbox. 

The  data  signals  used  for  this  analysis  were  from  a single 
Endevco  6222M26  accelerometer  mounted  on  the  external  housing  of 
the  42-degree  gearbox,  near  the  input  quill  shaft,  as  shown  in 
Figure  9.  Some  of  the  data  tapes  shipped  from  Airesearch  to  MTI 
contained  implant  information,  but  this  did  not  appear  to  influence 
the  results.  All  the  MTI  results  were  substantiated  by  analysis 
and  in  one  case  did  not  agree  with  the  implant  information. 

Table  IX  summarizes  the  results  of  the  analysis  that  is  presented 
in  Reference  (10). 

Positive  detection  and  identification  of  bearing  defects  was 
accomplished  when  the  vibration  sensor  was  located  near  the 
defect.  In  the  three  cases  of  implants  not  detected,  the  implant 
was  installed  in  the  output  quill  and  the  transducer  monitored 
was  on  the  input  quill.  The  Endevco  transducer  installed  for 
this  test  was  not  an  optimum  design  for  use  with  this  analysis 
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technique.  As  stated  in  Section  4.2  the  Endevco  accelerometer 
was  chosen  for  this  location  by  the  Airesearch  Manufacturing 
Company  to  be  compatible  with  their  analysis  technique. 

The  gear  implants  were  detected  but  more  effort  was  indicated  to 
finalize  a technique.  MTI  recommended  a frequency  modulation 
technique  to  identify  gear  defects.  In  this  procedure  the 
vibration  sensor  signal  was  FM  modulated  around  the  42-degree 
gearbox  gear  mesh  fundamental  frequency.  A one-per-revolution 
variation  is  present  in  almost  any  gearset  and  an  increase  in 
the  variation  should  indicate  a defective  gear  set.  The  frequency 
detection  results  are  presented  in  detail  in  Reference  (11). 

There  did  not  appear  to  be  any  correlation  between  the  results  of 
the  analysis  and  the  presence  of  a gear  defect  in  the  42-degree 
gearbox . 

4.4.2  BHT  Bearing  Defect  Vibration  Monitoring 

Because  of  the  promising  results  obtained  from  the  MTI  bearing 
analysis  program,  bearing  defect  detection  and  monitoring  equip- 
ment was  designed  and  fabricated  at  BHT  for  evaluation  in  con- 
junction with  the  AIDAPS  transmission  laboratory  tests.  The 
equipment  utilizes  high  frequency  vibration  resonance  fault  de- 
tection and  peak/average  fault  monitoring.  The  results  reported 
are  for  the  second  block  of  testing  during  the  Removal  Limit 
Confidence  Tests  and  are  presented  in  Appendix  B.  Twenty  known 
implanted  bearing  defects  were  detected.  Ten  Category  "B"  bear- 
ing defects  not  documented  during  the  test  build-up  were  also  de- 
tected and  verified  by  teardown  inspection.  Three  defects  were 
indicated  that  were  not  verified  by  the  teardown  inspection;  how- 
ever, in  each  of  these  cases  the  bearings  contained  other  defects 
which  were  identified.  The  automatic  monitor  activated  a warning 
when  a defect  was  present. 


4.4.3  BHT  Gear  Defect  Vibration  Monitoring 

Gear  defect  detection  circuitry  was  designed  and  fabricated  by 
BHT  for  evaluation  in  conjunction  with  the  AIDAPS  transmission 
laboratory  tests.  The  circuitry  utilizes  FM  demodulation  of  the 
gear  mesh  fundamental  frequency  and  its  sidebands  to  establish  a 
defective  gear,  similar  to  the  MTI  analysis  technique.  The  in- 
crease in  sideband  energy  when  a gear  fault  was  present  was  con- 
firmed and  fault  monitoring  was  provided  by  comparing  the  ratio 
of  the  RMS  to  peak  value  of  the  demodulated  signal.  The  results 
are  reported  in  Appendix  B. 

4 . 5 Fault  Isolation  Logic  - Task  V 

The  UH-IH  and  AH-IG  functional  systems  were  analyzed  to  define 
the  parameters  required  to  be  monitored  and  integrated  into  logic 
flow  diagrams  for  each  subsystem  in  order  to:  detect  the  most 
probable  failure  modes;  isolate  the  failure  directly  to  a line 
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replaceable  unit  (LRU) ; or  provide  maintenance  and/or  inspection 
requirements  that  permit  isolation  of  an  indicated  subsystem 
failure  to  an  LRU  with  a minimum  amount  of  additional  trouble- 
shooting. The  subsystem  analysis  and  logic  diagrams  are  presented 
in  Appendix  C (except  for  engine  gas  path  logic  or  mechanical 
vibration  analysis  logic) . The  intent  of  the  logic  presented  is 
to  provide  information  to  preclude  incipient  gas  path  and  vibra- 
tion problems.  The  information  also  adds  confidence  and  back-up 
information  to  the  gas  path  and  vibration  logic.  The  information 
provided  covers  only  one  system  where  redundant  or  identical 
systems  occur,  such  as  the  AH-IG  hydraulic  and  stability  augmen- 
tation systems  (SAS) . The  logic  is  identical  for  either  hydraulic 
system  or  any  of  the  SAS.  The  UH-IH  and  AH-IG  logic  is  separated 
for  clarity,  even  though  many  systems  are  similar. 

The  UH-IH  fault  logic  diagrams  were  published  in  Reference  (12) 
during  the  AIDAPS  contractor's  UH-lH  flight  test  data  collection 
effort  at  Ft.  Rucker,  Alabama,  for  incorporation  into  the  final 
logic  developed  for  the  AIDAPS  prototype  hardware.  Some  of  the 
test  points  required  to  monitor  the  mechanical  systems  on  the 
UH-lH  were  installed  during  the  AIDAPS  flight  test  data  collection 
phase  and  these  locations  are  noted  in  the  tables  of  Appendix  C. 
The  AH-IG  effort  was  delayed  and  finally  cancelled  by  AVSCOM. 
Presentation  of  the  AH-lG  logic  was  therefore  delayed  until  final 
report  publication. 

4 . fa  Installation/Interface  Data  - Task  VI 

AIDAPS  installation  and  interface  data  was  provided  for  use  by 
the  AIDAPS  equipment  contractor  in  designing  and  installing  the 
AIDAPS  equipment  in  UH-lH  Helicopters.  Installation  data  was 
provided  for  installation  of  the  AIDAPS  flight  data  collection 
equipment  and  prototype  AIDAPS  hardware.  BHT  also  provided  an 
evaluation  to  AVSCOM  of  the  AIDAPS  contractor's  flight  data 
collection  and  prototype  hardware  installations  by  reviewing  the 
installation  drawings  and  hardware  installed.  The  following  is 
a summary  of  that  review. 


4.6.1  Flight  Data  Collection  Installation/Interface  and  Review 

The  following  drawings  were  provided  to  Airesearch  for  information 
in  installing  the  flight  data  collection  system: 


205-470-001 

205-900-001 

205-470-002 

204-040-003 

204-040-012 

204-040-016 

204-040-366 

209-040-366 

204-040-400 

Sketch 


Three  View  Drawing 

General  Arrangement,  Helicopter  Assembly 
Inboard  Profile  ^ 

Gearbox  Assembly,  42°  Tail  Rotor  Drive 

Gearbox  Assembly,  90°  Tail  Rotor  Drive 

Transmission  Assembly,  Universal 

Mast  Assembly,  Transmission 

Mast  Assembly,  Transmission 

Pinion,  90°  Gearbox,  Tail  Rotor  Drive 

Recommended  vibration  transducer  locations 
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A review  of  the  Airesearch  Manufacturing  Company  gas  path  data 
collection  equipment  was  conducted  by  BHT  personnel  at  Ft. 

Rucker,  and  reported  to  AVSCOM  in  BHT  Letter  80 : JVH: rcn-164 3 , 
dated  31  January  1974.  The  review  noted  that  sensor  installation 
and  circuit  schematic  drawings  had  not  been  provided.  Switching 
procedures  to  obtain  transient  loading  of  the  main  generator, 

ICS  terminal  location  information  to  obtain  voice  recording  of 
the  pilot's  comments  on  the  data  tapes,  and  interface  problems 
with  the  aircraft  Exhaust  Gas  Temperature  instrumentation  were 
informally  discussed  with  BHT,  AVCO  Lycoming  and  Airesearch 
personnel.  Solutions  were  suggested  and  incorporated  into  the 
AIDAPS  data  collection  hardware  installation.  Weight  and  balance 
of  the  gas  path  data  collection  system  installed  in  the  UH-lH 
test  helicopters  "Bearcat"  #11  and  #12  were  calculated  and  are 
presented  in  Table  X. 

Vibration  data  collection  system  drawings  were  received  from 
Airesearch  and  reviewed  at  BHT.  Discrepancies  regarding  the 
location  of  transmission,  hanger  bearing,  and  gearbox  sensors 
were  noted  and  informally  discussed  with  Airesearch  personnel. 
During  a trip  to  Ft.  Rucker  (7-18  January  1974),  the  discrepancies 
were  reviewed  with  Airesearch  and  USAADTA  personnel. 

The  review  of  the  installation  was  reported  to  AVSCOM  in  BHT 
Letter  80 : JVH : rcn-1646 , dated  February  1974.  Weight  and  balance 
information  for  the  vibration  data  collection  systems  installed 
in  the  UH-IH  test  helicopters  "Bearcat"  #13  and  #14  was  provided 
to  AVSCOM  and  is  presented  in  Table  XI . 

A final  review  of  the  Airesearch  gas  path  and  vibration  data 
collection  system  for  the  UH-IH  was  completed  and  reported  to 
AVSCOM  in  BHT  Letter  80 : JVH :dw-257 , dated  14  March  1974.  The 
discrepancies  noted  in  the  previous  reviews  were  corrected  and 
weight  and  balance  data  for  the  incorporation  of  the  vibration 
data  collection  system  with  the  gas  path  data  collection  system 
installed  in  the  UH-IH  test  helicopters  "Bearcat"  #11  and  #12 
was  provided  to  AVSCOM  and  is  presented  in  Table  XII. 

AH-IG  engine  installation  performance  effects  data  was  provided 
to  Airesearch  via  BHT  Letter  80 : JAM :dhw-291 , 21  May  1974.  The 
engine  installation  losses  for  the  AH-IG  are  as  follows: 

Engine  inlet  pressure  recovery  and  temperature  rise  as 
shown  by  Figure  21. 

Airbleed  to  the  oil  cooler  fan  is  approximately  0.6  percent 
of  engine  airflow.  For  simplicity,  this  value  may  also  be 
used  for  the  UH-IH  if  desired,  in  lieu  of  the  curves  prev- 
iously provided. 

Airbleed  to  the  Airesearch  Environmental  Control  Unit  is 
approximately  15.3  Ib/min.  This  value  is  maintained  fairly 
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TABLE  X 

WEIGHT  AND  BALANCE 

AI RESEARCH  GAS  PATH  DATA  COLLECTION  SYSTEM  INSTALLATION 


Name 

P/N 

Wt  (lb) 

C.G. 

Moment 

SPC 

TE800110-1 

23.00 

173.25 

3984 . 75 

*• 

Inverter 

S120-115A-400 

7.25 

184.50 

1335.63 

FDAU 

949684 

16.25 

191.50 

3091.88 

Recorder 

948010-2 

19.50 

195.00 

3632 . 50 

- 

Data  Entry 

Panel 

TE800110-2 

2.80 

46.00 

128.00 

- 

Pallet  - Racks 
Wire 

1284262 

37.00 

186.00 

6882.00 

105.80 


180.10 


19054.76 
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TABLE  XI 

WEIGHT  AND  BALANCE 

AIRESEARCH  VIBRATION  DATA  COLLECTION  SYSTEM  INSTALLATION 


Part  Number 


TE-800110-3 


MARS-2000 


Bearcat  #13  and  #14 


24,00 


Pallet- 
Racks  & 
Wire 

Wiring 

Control 

Panel 

*Bracket 


299-096- 

299-096- 

299-096- 

299-096- 

299-096- 

299-096- 

299-096- 

299-096- 

TE-26753 

TE-26754 

TE-26755 

TE-26758 

1284286- 


100 

101 

102 

103 

104 
105-1 
105-9 
106 
-02 
-01 
-01 
-01 

1 


SUBTOTAL 


1284285-1 


TOTAL 


TOTAL 


TOTAL 


40.00 


19.50 


20.50 


1.10 


.61 
.64 
.51 
.86 
.18 
0.32 
0.51 
0.76 
0.25 
0.39 
0.69 
0.35 
0.58 


111.75 


0.60 


112.35 

0.60 


112.35 

0.60 


112.35 


Weight  includes  sensor  installed  on  the  bracket. 

® Fwd  Position 
^ Mid  Position 
° Aft  Position 


Moment 

(in-lb) 


173.25 

4158.00 

195,00 

7800.00 

186.00 

3627.00 

186.00 

3813.00 

51.45 

56.60 

149.96 

91.48 

149.96 

95.97 

143.61 

73.24 

128.99 

110.93 

139.31 

25.08 

431.36 

138.04 

422.58 

215.52 

477.73 

363.08 

210.45 

52.61 

196.75 

76.73 

126.02 

63.34 

101.19 

20987.83 

°219.06 

131.44 

187.98 

21119.27 

^292.66 

175.60 

188.37 

21163.43 

°358.83 

215.30 

188.72 

21203.13 
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TABLE  XII 

WEIGHT  AND  BALANCE 
VIBRATION  DATA  COLLECTION  SYSTEM 
INSTALLED  WITH  THE  GAS  PATH  DATA  COLLECTION  SYSTEM 


No  change  in  weight  or  arm  distance  for  the  gas  path  analysis 
data  collection  system  or  vibration  analysis  data  collection 
system  when  installed  together.  The  total  weight  and  C.G.  of 
the  system  is  as  follows; 


Name 

Wt  (lb) 

C.G. 

Moment 

Gas  Path  Data 

105.80 

180.10 

19054 . 76 

Collection  System 

Vibration  Data 

112.35 

188.72 

21203.13 

Collection  System 

TOTAL 


218.15 


134.54 


40257.89 
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I 


constant  by  means  of  a pressure  regulator. 

The  AH-IG  does  not  use  air  driven  fuel  pumps. 

The  AH-IG  generator  is  engine  driven,  resulting  in  an 
average  power  extraction  of  5 HP. 

BHT  was  requested  by  Airesearch  to  define  a modification  of  the 
299-066-106  accelerometer  mounting  bracket  on  the  90-degree  gear- 
box to  accommodate  an  Endevco  6222  M26  pickup  in  lieu  of  the 
Columbia  1111-1.  In  response,  the  following  modifications  were 
reported  to  AVSCOM  and  Airesearch  via  BHT  Letter  80 :RBP :dhw-323, 
dated  13  August  1974. 

Remove  the  existing  1.20  inch  x 1.06  inch  x 0.22  inch 
canted  base  plate,  P/N  299-096-106-7,  from  the  P/N  299-096- 
106-1  90-degree  gearbox  bracket  assembly. 

Fabricate  a P/N  299-096-105-15  base  plate  used  on  the  P/N 
299-096-105-9  42-degree  gearbox  bracket  assembly  (for 
Endevco  P/N  6222M26  accelerometer) . 

Weld  the  Item  2 base  plate  in  the  location  of  the  removed 
Item  1 base  plate. 

BHT  was  advised  by  Airesearch  that  the  P, , CDP,  and  Torque  Press- 
ure Transducers  for  the  data  collection  "^flight  test  aircraft  at 
Fort  Rucker  were  being  moved  to  a lower  temperature  environment. 
The  installation  data  was  reviewed  for  possible  installation 
effects  on  engine  operation,  airframe  structure  and  interference 
with  other  installed  airframe  components.  The  review  results 
transmitted  to  AVSCOM  per  BHT  Letter  80 : JVH : dhw-340 , dated 
17  September  1974  are  summarized  as  follows: 

Lycoming  personnel  indicated  that  the  engine  system  oper- 
ation should  not  be  affected  by  the  additional  sensors  and 
lines. ^ The  maximum  compressor  discharge  air  temperature 
is  560  F.  The  high  temperature  hose  is  tested  per  specific- 
ation at  450°F  + 10°F,  however,  this  hose  is  presently  used 
in  this  type  application  and  should  be  acceptable. 

BHT  personnel  indicated  that  the  attaching  airframe  struc- 
ture is  adequate  to  support  the  brackets  and  sensors . The 
205-030-279  floor  access  cover  must  be  removed  to  provide 
for  line  routing.  The  removal  is  considered  acceptable, 
but  is  not  indicated  on  the  Airesearch  Drawing  1284291. 

The  relocation  of  the  P,,  CDP,  and  Torque  Pressure  trans- 
ducers as  outlined  in  "^the  data  received  was  considered 
acceptable  for  the  data  collection  flight  test  aircraft 
at  Fort  Rucker,  Alabama.  The  installation  was  not  con- 
sidered optimum  as  a permament  installation  for  the 
AIDAPS  prototype  design. 
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Per  Airesearch  request  an  evaluation  was  made  of  the  feasibility 
of  installing  a fuel  mass  flowmeter  in  series  with  a turbine  flow- 
meter and  an  MS  28034  type  temperature  probe.  The  evaluation  in- 
dicated the  proposed  installation  was  satisfactory  providing  the 
installation  pressure  drop  remained  negligible,  and  straight  line 
runs  on  either  side  of  the  flowmeters  were  maintained.  It  was 
recommended  that  a Lycoming  flight  test  fuel  flowmeter  instal- 
lation used  on  a UH-IH  test  helicopter  located  at  Avco  Lycoming 
be  considered  as  an  alternative.  The  review  was  completed  and 
the  results  reported  to  AVSCOM  in  BHT  Letter  ‘S'O  : JVH  :peb-4  4 , dated 
22  January  1975. 

4.6.2  AIDAPS  Prototype  Installation/Interface  and  Review. 

Airesearch  Aviation  personnel  visited  BHT  on  9 and  10  May  1974 
to  finalize  installation  data  requirements.  After  viewing  UH-lH 
and  AH-IG  aircraft,  and  consulting  with  BHT  designers,  the 
Airesearch  representatives  requested  the  following  drawings, 
which  were  delivered  via  BHT  Letter  IM-IOW-kw-1038 , 31  May  1974. 


212-030-263 

205-475-025 

205-075-036 

209-470-002 

209-075-006 

209-075-115 

209-075-008 

209-075-003 

209-060-903 

209-030-125 

209-030-106 

209-030-396 

209-030-893 

209-961-171 

209-030-827 

209-075-220 


ARC-102  Mounting 
Wiring  Diagram 
Wiring  Installation 
Inboard  Profile 
Electrical  Installation 
Electrical  Installation 
Electrical  Installation 
Electrical  Installation 
Aft  Firewall 
Upper  Fuel  Cell  Panel 
Canted  Bulkhead  Panel 
Tail  Boom  Shelves 
Tail  Boom  Shelves 
Tail  Boom  Shelves 
Tail  Boom  Disconnect 
D.C.  Circuit  Panel 


Helicopter  vibration  and  temperature  environmental  data,  and 
vibration  test  recommendations  for  AIDAPS  equipment,  were  sub- 
mitted via  BHT  Letter  80 : JVH :peb-4 1 , 10  January  1975.  The  results 
are  presented  in  Appendix  D. 

A review  of  Airesearch  Drawing  PA-116378,  Bleed  Air  System  Inter- 
face Wiring,  was  completed  and  approved  via  BHT  Letter  81:RBP: 
peb-55,  D February  1975.  The  installation  posed  no  problem  to 
the  UH-lH  Bleed  Air  System,  provided  the  150  kilohm  isolation  im- 
pedence  was  maintained. 

The  installation  data  package  for  the  prototype  AIDAPS  equipment 
was  received.  The  "Supplementary  Engineering  Data"  was  not  com- 
plete as  follows: 
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a.  No  stress  calculations  were  included. 

b.  The  electrical  load  analysis  was  incomplete. 

The  review  of  the  installation  data  package  for  the  prototype 
AIDAPS  equipment  was  informally  discussed  with  Airesearch  per- 
sonnel. Formal  results  of  the  data  review  were  delayed  pending 
receipt  of  the  revised  electrical  load  analysis  and  stress 
analysis  reports.  Upon  receipt  of  the  requested  information, 
the  review  of  the  installation  data  was  completed.  Results  of 
the  review  and  weight  and  balance  information  as  presented  in 
Table  XIII  were  provided  to  Airesearch  in  BHT  Letter  81:JVH: 
peb-160,  dated  August  1975.  As  a result  of  the  review  a partial 
set  of  drawings  incorporating  changes  to  the  AIDAPS  prototype 
installation  was  received  from  Airesearch  under  cover  of  Letter 
CADJB: 5633 : 0926 , dated  26  September  1975.  The  revised  drawings 
were  satisfactory. 


The  Airesearch  Phase  V Coordinated  Test  Plan  (Draft)  75-11738, 
dated  20  August  1975,  was  received  during  the  AIDAPS  Coordination 
meeting  at  Airesearch,  21  August  1975.  The  draft  described  the 
plan  of  accomplishment  for  the  Airesearch  bench  and  airborne 
tests  of  the  prototype  AIDAPS  system  prior  to  and  during  the 
development  tests  scheduled  for  Ft.  Rucker.  The  test  plan  was 
reviewed  and  comments  concerning  the  plan  were  submitted  to 
AVSCOM  in  BHT  Letter  81 ; JVH : peb-190 , dated  11  September  1975, 
and  are  summarized  as  follows: 

The  vibration  and  temperature  testing  does  not  consider 
the  recommendations  outlined  in  BHT  Letter  80 : JVH :peb-4 1 , 
dated  10  January  1975  that  were  solicited  by  Airesearch 
and  presented  in  Appendix  D. 

BHT  does  not  agree  with  the  Airesearch  philosophy  that  a 
diagnostic  system  which  detects  minor  degradations  would 
not  be  effective  and  is  undesirable.  An  AIDAPS  System 
that  has  the  ability  to  detect  minor  degradations  will  be 
desirable  upon  implementation  into  an  operational  heli- 
copter model.  The  diagnostic  removal  limits  can  be  set 
low  and  continuously  updated  (as  confidence  is  assured 
that  the  limits  can  safely  be  increased)  to  the  highest 
practical  limit.  The  prognostic  logic  can  be  developed  by 
tracking  the  increase  and  interval  of  the  diagnostic  in- 
dications. Tracking  an  operational  fleet  of  aircraft  will 
result  in  a large  statistical  sample  and  a high  confidence 
level  in  the  data. 

Valid  implants  should  be  any  implants  that  meet  the  category 
degradation  for  fault  detection.  It  was  recommended  that 
new  covert  implants  with  upper  limit  "C"  and  "D"  category 
degradation  be  introduced  in  the  program. 
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Multiple  implants  in  adjacent  components  should  be  tested 
in  order  to  determine  the  discrimination  capability  of  the 
system. 

The  "flight  safety"  tests  outlined  were  a misnomer  and  did 
not  adequately  demonstrate  compatability  with  or  isolation 
from  the  production  instruments . The  production  parameter 
inputs  to  the  AIDAPS  system  should  be  disconnected  during 
helicopter  ground  operations  and  any  change  noted  in  the 
value  of  the  appropriate  aircraft  instruments  noted.  An 
engine  HIT  check  and/or  TOPPING  check  with  AIDAPS  off  and 
the  AIDAPS  EGT  parameters  disconnected  should  be  conducted 
and  the  results  compared  with  a HIT  and  TOPPING  check  con- 
ducted with  the  EGT  parameters  connected  and  the  AIDAPS 
equipment  operating. 

Airesearch  indicated  during  the  coordination  meeting  that 
it  requires  5 minutes  of  steady  state  flight  for  the  data 
acceptance  cycle  to  indicate  a gas  path  fault  and  20  minutes 
of  steady  state  flight  to  indicate  a vibration  fault. 
"Typical"  nap-of-the-earth  and  formation  flying  mission 
profiles  should  be  incorporated  in  the  test  plan  as  well  as 
the  "typical"  supply  mission  profile  outlined  in  the  test 
plan  to  determine  if  AIDAPS  will  work  under  these  conditions. 

The  Airesearch  Phase  V Coordinated  Test  Plan  (Draft)  75-11738 » 
dated  9 October  1975,  was  received  13  October  1975.  The  draft 
described  the  revised  plan  of  accomplishment  for  the  Airesearch 
bench  and  airborne  tests  of  the  prototype  AIDAPS  system  prior  to 
and  during  the  development  tests  scheduled  for  Fort  Rucker,  Ala- 
bama. The  test  plan  was  reviewed  and  comments  concerning  the 
plan  were  submitted  to  AVSCOM  in  BHT  Letter  IM: JHH : lM-3068 , dated 
23  October  1975,  and  are  summarized  as  follows: 

An  appendix  presenting  the  Airesearch  standard  trouble  re- 
porting form  mentioned  in  the  first  sentence  and  on  Page 
4-8  of  the  test  plan  was  recommended. 


There  is  no  explanation  as  to  why  the  P/N  204-040-245  ball 
bearing  Category  "D"  Implant  BHC-104  was  not  considered 
properly  categorized. 

Race  spalling  was  described  in  the  test  plan  for  the  hanger 
bearing.  Implant  BHT-122.  The  actual  mode  of  degradation  is 
unknown,  as  well  as  the  category,  until  the  bearing  is  dis- 
assembled. Upon  disassembly  the  bearing  will  be  destroyed. 

The  artificially  damaged  204-040-330  Sun  Gear,  Implant 
BHC-118,  and  the  204-040-700  Input  Pinion,  Implant  BHC-119, 
are  not  considered  valid  implants.  As  noted  in  the  BHT 
AIDAPS  Monthly  Progress  Report  No.  26  for  July  1975: 
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"Implant  part  numbers  BHC-117  through  BHC-121  inclusive 
were  reserved  tor  artiticially  degraded  gear  implants 
provided  by  Parks  College  through  AVSCOM  to  Ft.  Rucker, 
Alabama.  The  implants  were  apparently  degraded  by 
grinding  grooves  in  the  gear  teeth.  BHT  considers  that 
this  method  of  artificially  degrading  gears  is  not  indic- 
ative of  a natural  fault  and  should  not  be  used  for  eval- 
uating diagnostic  signature  data." 

- Airesearch  indicated  that  "any"  flight  profile  may  be 

flown  during  demonstration  testing  to  evaluate  the  proto- 
type AIDAPS  system  but  indicated  that  each  test  flight 
should  consist  of  at  least  ten  sequentially  different  and 
stabilized  power  settings.  The  duration  of  stabilized 
operation  should  be  "a  couple  of  minutes"  and  the 
sequentially  different  power  settings  should  differ  in 
N]^  compressor  speed  by  at  least  + .5%.  "Stabilized  power" 
meant  no  change  in  collective  setting  or  "large"  changes 
in  altitude  or  attitude.  If  these  conditions  are  necess- 
ary, then  a special  maintenance  flight  profile  will  be 
required  for  the  AIDAPS  to  properly  function. 

The  sketches  indicating  proper  installation  of  bearing 
implant  outer  race  defects  included  in  the  test  plan  were 
provided  informally  by  BHT  personnel  in  order  to  assist  the 
mechanics  and  inspectors  at  Ft.  Rucker,  Alabama.  The  formal 
and  official  presentation  of  this  data  was  provided  in  BHT 
Quarterly  Letter  Progress  Reports,  Numbers  4 and  5.  It  was 
requested  that  this  appendix  be  removed  from  the  Airesearch 
test  plan  and  reference  be  made  in  the  body  of  the  report 
to  the  published  information  as  required. 

AVSCOM  did  not  request  any  equipment  installation  reviews  of  the 
prototype  AIDAPS  installation  as  was  conducted  of  the  AIDAPS  data 
collection  installation.  Implant  information  as  outlined  in 
Table  II  was  requested  and  provided  to  Airesearch  for  incorpor- 
ation as  an  appendix  to  their  final  draft  coordinated  test  plan. 
Nap-of-the-earth  and  formation  flying  test  profiles  were  incor- 
porated as  recommended  in  the  draft  of  the  USA  ADTA  "Advanced 
Development  Verification  Test  - Government  (ADVT-G)  of  the  Auto- 
matic Inspection,  Diagnostic,  and  Prognostic  System  (AIDAPS)" 
test  plan. 

Airesearch  informally  requested  confirmation  of  the  engine  and 
transmission  tachometer  drive  speeds.  The  following  information 
was  provided  informally  to  Airesearch  personnel; 

Engine  Tachometer  Speed  = .6386  Engine  Input  Shaft  Speed 
100%  Engine  Tachometer  Speed  = (.6386)  6600  RPM  = 4214.76 
RPM 
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100%  Transmission  Tachometer  Speed  = (.6516)  6600  RPM  = 
4300.56  RPM 

4 . 7 Inspection  and  Grading  of  Parts  - Task  VII 

Selected  degraded  parts  from  overhaul  facilities  were  provided 
by  AVSCOM,  inspected  by  BHT  personnel,  and  the  degradation  classi- 
fied into  Categories  "A"  to  "E"  as  outlined  in  Table  XIV. 

Category  "A"  (no  defect)  parts  were  tested  during  the  baseline 
signature  data  collection  effort.  Category  "E"  (failed)  parts 
could  not  be  tested.  During  the  Reference  (13)  Coordination 
Meeting  it  was  reported  that  Category  "B"  and  "C"  degradation 
was  not  detectable  by  the  hardware  contractor's  vibration  analysis. 
The  degraded  parts  tested  at  the  BHT  facility  for  malfunction 
signature  data  and/or  validated  as  flight  test  candidates  for 
use  by  the  AIDAPS  hardware  contractor  at  Ft.  Rucker,  Alabama 
were,  as  requested  by  AVSCOM,  therefore  in  the  upper  limit  "C" 
or  "D"  category.  As  a result,  the  diagnostic  annunciation  of 
the  AIDAPS  system,  as  reported  in  Reference  (14)  was  set  for 
upper  limit  "C"  and  "D"  degradation  level  parts,  in  order  to 
confidently  detect  degradation  with  a minimum  of  false  alarms. 

Very  few  UH-lH  bearing  implant  candidates  provided  by  AVSCOM  were 
beyond  the  "B"  category  degradation.  Most  of  the  bearing  implants 
tested  were  artificially  degraded  by  means  of  a vibro  etching 
tool.  These  parts  were  satisfactory  for  signature  analysis; 
however,  naturally  degraded  bearings  with  subsurface  fatigue  were 
required  to  conduct  a valid  degradation  rate  test  for  use  in 
failure  prognosis.  Considerably  more  naturally  degraded  bearings 
were  required  than  were  available.  Supplementary  Agreement  06 
to  the  subject  contract  and. delivery  order  was  received  to  au- 
thorize procurement  of  induced  defective  bearings.  MAIC  Division 
of  the  Pure  Carbon  Company,  St.  Marys,  Pennsylvania,  was  awarded  a 
subcontract  to  induce  fatigue  defects  in  the  AVSCOM  provided 
bearings . 

The  operating  history  of  the  degraded  parts,  including  the  test 
time  at  the  BHT  transmission  test  facility,  the  flight  test  time 
at  Ft.  Rucker,  and  word  and  picture  descriptions  are  presented  in 
Appendix  E.  The  MAIC  bearing  degradation  program  is  outlined  as 
follows . 

4.7.1  MAIC  Operation  of  Bearings  to  Specified  Degradation  Criteria 

The  objective  of  the  MAIC  effort  was  to  provide  BHT  with  fatigued 
bearings  with  specified  area  spalling.  The  spalled  bearings  were 
subsequently  used  in  the  Removal  Limit  Confidence  Test  outlined 
in  Section  4.8.  Selected  bearings  stored  at  the  U.S.  Army  Head- 
quarters and  Installation  Support  Activity,  Granite  City,  Illinois, 
were  shipped  to  MAIC  for  this  program.  The  MAIC  program  was 
described  in  three  tasks  as  follows: 
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TABLE  XIV 

DEGRADED  PART  CLASSIFICATION 

BALL  BEARING  DEFECT  CATEGORY 

Category  A - No  defect. 

Category  B - Initial  Spalling;  One  or  more  voids  or  irregular- 
ities in  the  ball  path  or  on  the  ball  itself  not 
exceeding  an  area  described  by  0.05  x ball  diameter 
wide  or  0.20  x ball  diameter  long. 

Category  C - Moderate  Spalling:  One  or  more  voids  or  irregular- 
ities in  the  ball  path  or  on  the  ball  itself  between 
the  upper  limit  of  Category  B and  not  exceeding  an 
area  described  by  0.30  x ball  diameter  wide  by  0.40  x 
ball  diameter  long. 

Category  D - Advanced  Spalling:  Bearing  still  operational,  but 

with  one  or  more  voids  or  irregularities  in  the  ball 
path  or  on  the  ball  itself  greater  than  the  upper 
limit  of  Category  C. 

Category  E - Functional  Failure:  Bearing  jammed,  or  contains  a 
broken  component. 

ROLLER  BEARING  DEFECT  CATEGORY 
A - No  defect. 

B - Initial  Spalling:  One  or  more  voids  or  irregular- 
ities in  the  roller  path  or  on  the  roller  itself 
not  exceeding  an  area  described  by  0.15  x roller 
diameter  circumferentially  or  0.30  x roller  length 
axially . 

C - Moderate  Spalling;  One  or  more  voids  or  irregular- 
ities in  the  roller  path  or  on  the  roller  itself 
between  the  upper  limit  of  Category  B and  not  exceed- 
ing an  area  described  by  0.30  x roller  diameter  cir- 
cumferentially across  the  total  width  of  the  roller 
or  roller  path. 

D - Advanced  Spalling:  One  or  more  voids  or  irregular- 
ities in  the  roller  path  or  on  the  roller  itself 
greater  than  the  upper  limit  of  Category  C. 

E - Functional  Failure  - Bearing  jammed,  or  contains  a 
broken  component. 
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TABLE  XIV  (Continued) 

GEAR  DEFECT  CATEGORY 

Category  A - No  defect 

Category  B - Initial  Pitting  or  Spalling  or  Light  Scoring:  Pits 
or  spalls  on  a few  teeth,  generally  less  than  1/32 
inch  across  the  widest  dimension  and  less  than  0.010 
inch  in  depth.  If  scored,  scoring  marks  visually  de- 
tectable, perpendicular  to  the  pitch  cylinder  or 
cone . 

Category  C - Moderate  Pitting,  Spalling  or  Scoring:  Pitting  or 
spalling  on  one  or  more  teeth  whose  total  length 
spans  20  to  40  percent  of  the  working  face  width  of 
the  gear  tooth.  Scoring  of  spur  gears  consisting 
of  heavy  lines  detectable  with  a scribe, extending 
into  the  edge  break  of  tooth  tips,  or  creating  a 
pattern  across  the  flank  of  one  or  more  teeth. 

Scoring  of  spiral  bevel  gears  consisting  of  heavy 
lines  detectable  with  a scribe,  over  50  percent  or 
more  of  the  working  surface  of  one  or  more  teeth. 

Category  D - Advanced  Pitting,  Spalling  or  Scoring.  Gear  still 
capable  of  transmitting  power,  but  with  pitting  or 
scoring  over  more  than  40  percent  of  the  working 
face  width  of  one  or  more  teeth.  Scoring  more  ex- 
tensive than  for  Category  C,  including  displacement 
of  base  material. 

Category  E - Functional  Failure:  Tooth  broken,  gearset  locked 
or  inability  to  transmit  power. 
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Task.  I:  Engineering  Evaluation 

A review  of  the  dynamic  and  static  load  characteristics  of 
the  bearings  was  accomplished  in  order  to  establish  load 
and  RPM  parameters  to  fatigue  spall  the  bearings  described 
in  Table  XV. 

Task  II:  Test  Machinery 

The  test  adapters  required  to  insert  the  bearings  and  apply 
the  test  loads  determined  from  Task  I were  designed  and 
fabricated . 

Task  III:  Test  Operation 

The  bearings  described  in  Table  XV  were  operated  in  the 
bearing  test  machinery  designed  in  Task  II  to  obtain  upper 
limit  Category  "C"  and  "D"  degradation  as  described  in 
Table  XIV. 

The  MAIC  Division  Report  covering  the  Task  I evaluation  and  the 
Task  II  design  is  presented  in  Appendix  F.  The  bearings  received 
from  the  MAIC  Task  III  test  operations  are  presented  in  Appendix 

E. 

4 . 8 Limiting  Part  Conditions  - Task  VIII 

Task  VIII  of  the  subject  contract  required  BHT  to  evaluate  UH-IH 
engine,  transmission  and  gearbox  part  condition  and  failure 
modes  and  recommend  the  limit  of  wear  or  degree  of  abnormality 
allowed  for  parts  and  components  while  being  monitored  in  AIDAPS 
equipped  UH-IH  aircraft.  Part  (a)  of  Task  VIII  required  an 
initial  evaluation  for  degraded  parts  or  components  operated  at 
the  U.S.  Army  Aircraft  Development  Test  Activity  (USAADTA) , Ft. 
Rucker,  Alabama, in  the  flight  test  data  collection  effort  by  the 
AIDAPS  hardware  contractor.  Part  (b)  of  Task  VIII  required  a 
final  evaluation  for  degraded  parts  and  components  that  will  be 
limiting  in  an  actual  fielded  AIDAPS  application. 

4.8.1  UH-IH  Engine  Limiting  Part  Conditions 

The  Avco  Lycoming  Division  was  subcontracted  to  provide  UH-IH 
engine  related  AIDAPS  services.  The  limiting  part  conditions 
for  degraded  engine  parts  and  components  is  a complete  subject 
in  itself  and  is  presented  in  Reference  (3) . 

4.8.2  Initial  Limiting  Part  Conditions 

UH-lH  drive  train  parts  were  recommended  by  the  contractor  as 
possible  flight  test  candidates  for  use  in  the  flight  test  data 
collection  effort  by  the  AIDAPS  hardware  contractor  at  Ft.  Rucker, 
Alabama.  The  rationale  and  procedures  followed  in  the  selection 
and  test  of  parts  were  established  in  Reference  (15)  and  are 


70 


699-099-038 


BiEia. 

HELJOOF^reR  CXVMMMV 


Use  Of  disclosure  ol  deld  on  this  p^e  >v 
sub^t  to  the  restriction  on  the  title  p*je 


! 

f 


summarized  herein. 

The  levels  of  gear  and  bearing  part  deterioration  used  for  the 
AIDAPS  implant  classification  are  presented  in  Table  XIV.  The 
initial  inspection  and  grading  of  the  parts  to  determine  their 
classification  was  performed  by  BHT  engineering  personnel.  In- 
spection and  description  data  sheets  were  generated  per  Figures 
22  and  23,  documenting  each  implant  and  accompanying  each  implant 
from  initial  inspection  and  validation  test  through  final  flight 
test.  The  parts  recommended  as  possible  implant  candidates  were 
determined  as  a result  of  validation  testing  on  the  BHT  test 
stand  or  in  the  UH-IH  helicopter  on  the  tiedown  pad  at  Ft.  RucKer, 
Alabama.  At  the  conclusion  of  the  part  validation  test  the  im- 
plant part  was  disassembled  and  inspected.  If  no  additional 
degradation  from  either  visual  or  recorded  test  data  was  exhib- 
ited, the  implant  candidate  was  recommended  for  either  cell  and 
flight  test  operations  or  cell  test  operations  only  based  on  the 
severity  of  degradation.  The  recommendation  was  noted  on  the 
implant  data  sheet.  After  inspection  review  by  AVSCOM  for  flight 
safety  release  and  operation  restrictions,  the  implant  was  in- 
stalled in  an  AIDAPS  test  transmission  or  gearbox  and  subjected 
to  the  appropriate  helicopter  ground  maintenance  procedures  out- 
lined in  Appendix  F and  Reference  (16) . At  the  conclusion  of 
test  flights  per  the  Airesearch  test  plan  of  Reference  (17)  , the 
implant  part  was  disassembled  and  inspected  by  USA  ADTA  and/or 
BHT  engineering  personnel,  and  a decision  was  made  regarding  re- 
lease for  further  flight  testing.  The  implant  part  inspection 
and  data  sheets  were  continuously  updated  to  reflect  this  decision. 

The  above  procedure  controlled  each  individual  implant  candidate 
installed  and  flown  in  the  AIDAPS  equipped  helicopters  under  con- 
trolled flight  test  operations  by  the  USADTA  flight  crews  at  Ft. 
Rucker,  Alabama.  Flight  operating  restrictions  considered  prudent 
by  the  contractor  were  recommended  in  the  implant  part  document- 
ation. Recommendations  made  as  a result  of  this  procedure  did  not 
constitute  safety-of-f light  approval.  The  ultimate  decision  to 
flight  test  contractor  recommended  candidate  parts  or  components 
for  monitoring  in  test  helicopters  was  at  the  sole  determination 
and  responsibility  of  the  Government. 

4.8.3  Limiting  Part  Condition  for  the  AIDAPS  Prototype  Advanced 
Development  Test. 

A scarcity  of  naturally  degraded  parts  restricted  the  amount  of 
prognostic  testing  which  could  be  accomplished.  A subcontract 
to  induce  fatigue  defects  in  the  AVSCOM  provided  bearings  was 
awarded  to  MAIC  as  reported  in  Section  4.7.  These  bearings 
supplemented  the  available  naturally  degraded  bearings  to  be  used 
in  the  Removal  Limit  Confidence  Test  conducted  at  BHT.  This  test 
is  presented  in  detail  in  Reference  (18). 

The  goal  of  this  test  was  to  establish  a 6-hour  reliability  of 
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IMPLANT  PART 
INSPECTION  DATA  SHEET 


After  Test  Run 


Sheet  A- 


Dnte 


Nomenclature 

P/N  

S/N  


Test  P/N 


Recommended  Use  for  Test:  Cell  Test  Only 


Category  A C D E 

Implant  Part  Test  Time  

Cell  and  Flight  Test  


The  recommendation  in  no  way  constitutes  safety  of  flight  approval.  The 
ultimate  decision  for  any  flight  release  is  at  the  sole  detennination  and 
responsibility  of  the  Government. 


Degradation  Type:  Mode 


Natural 


Artificial 


Removed  From:  Test  Component  No. 

Component  P/N  

Cell  No. 


Date 


S/N 


_/  AC:  Type  H-l_ 


Tall  No. 


Reason  for  Removal 


Description  Data  Sheets  and  Photographs 


Installed  in:  Test  Component  No. 

Component  P/N  

Cell  No. 


Date 


J AC:  Type 


_ S/N 
H-l 


Tail  No. 


Installation  Notes,  Recommended  Operating  Restrictions,  and  Photographs 


Test  Log: 
Test  Run 


Date 


Operating 

Time 


Data  Log  References  and  Consents 


Total  Implant  Part  Test  Time 
Compiled  by:  


Department : 


Figure  22.  Implant  part  inspection  data  sheet 
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at  least  95%  with  a 90%  confidence  level.  Six  hours  exceeds  the 
maximum  endurance  limit  of  the  UH-IH  helicopter  and  provides  an 
adequate  block  of  test  time  for  implants  to  be  test  flown  during 
the  AIDAPS  Prototype  Advanced  Development  Tests  at  USAADTA,  Ft. 
Rucker,  Alabama.  The  reliability  determination,  as  outlined  in 
Reference  (19)  , shows  that  45  tests  without  failures  are  required 
to  demonstrate  95%  reliability  with  a 90%  confidence  level. 
Multiple  implants  were  installed  and  operated  concurrently  in 
order  to  keep  the  test  time  to  a reasonable  level.  Only  three 
sets  of  transmission  and  gearbox  parts  were  available;  so  for 
test  and  analysis  purposes,  it  was  planned  to  operate  each  set 
of  parts  for  a minimum  of  90  hours.  Each  90-hour  test  would 
then  be  considered  as  fifteen  6-hour  tests.  Table  XVI  shows  the 
implants  installed  for  the  three  test  build-ups  of  the  drive 
train,  the  total  number  of  6-hour  test  cycles  on  each  implant, 
and  the  test  results  of  the  Removal  Limit  Confidence  Test.  The 
6-hour  reliability  was  determined  for  a 90%  confidence  level 
from  Table  A.l  of  Reference  (19)  for  no  part  failures,  or  from 
Table  A.  3 of  Re'^erence  (19)  with  part  failures  experienced.  The 
results  indicate  that,  as  tested,  a level  of  confidence  appeared 
satisfactory  to  operate  implant  parts  with  the  degradation  levels 
required  by  Airesearch  in  Reference  (14) (with  the  exception  of 
the  transmission  planet  roller  bearings)  during  the  AIDAPS  Proto- 
type Advanced  Development  Test  at  Ft.  Rucker.  Excessive  secondary 
damage  was  experienced  when  category  "C"  or  "D"  planet  rollers 
were  implanted. 


4.8.4  Fielded  AIDAPS  Application  Limiting  Part  Condition 


The  fatigue  induced  degraded  parts  operated  during  the  transmiss- 
ion and  gearbox  data  collection  effort  at  the  BHT  transmission 
test  facility  and  during  the  flight  test  data  collection  effort 
at  Ft.  Rucker,  were  evaluated  and  described  in  Reference  (18)  in 
order  to  recommend  limiting  part  conditions  for  an  actual  fielded 
application.  The  operating  history  of  the  fatigue  induced  de- 
graded parts  was  compiled  as  presented  in  Appendix  E.  The  implant 
part  reliability  was  calculated  using  the  methods  outlined  in 
Reference  (19) . 


The  test  cycles  required  for  a 95%  reliability  at  the  90%  confid- 
ence level  were  determined  from  Table  A.l  and  Figure  A. 3 of  Refer- 
ence (19) . The  reliable  life  for  each  part  was  calculated  and  is 
presented  in  Table  XVII.  The  results  do  not  indicate  a level  of 
confidence  that  upper  limit  "C"  to  "D"  classified  part  removal 
thresholds  (required  by  the  AIDAPS  hardware  to  confidently  detect 
degradation  with  a minimum  of  false  alarms  per  Reference  (14)) 
occur  prior  to  failure  by  an  adequate  margin  for  an  operationally 
fielded  AIDAPS  helicopter. 


The  test  time  and  naturally  degraded  parts  required  to  run  a sta- 
tistically adequate  comprehensive  prognostic  reliability  test  were 
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TABLli  XV 11 


DEMONSTRATED  RELIABLE  LIFE 


(95%  RELIABILITY  (J90%  CONFIDENCE) 


NATURALLY  DEC.RADED  AIDAPS  TRANSMISSION  AND  CEARBOX  IMFl.ANTS 


Implaut 

P.^N 

Test 

Hours 

Failures 

..  -J-  — 1 

204-040-  14  1 Ball  Bearintj 

Cycles 

Required 


Demonstrateii 
Re  1 iabli! 
Life  (Hours) 


BHC-00 1 
BllC-UU  < 
BllC-00  7 
BIK'-OOH 
Blli’-O  I H 


J -11 . 5 
10.  J 
09.  1 
i..^8. 2 
102.0 


MA  1 i ’ 
MA  1 1’ 
MA  IC 
I C 

MAIC- 
MAIC- 
MA  tC- 
MA  IC- 
MAIC- 
MA  IC- 
MA!C- 

MA  IC- 


9 1 . H 
9 1.8 
I J 5 . 7 
91.8 

192.1 

192. 1 

19  2.1 

90. 1 
90.  1 

90. 1 

58. 1 
102.0 
102.0 


Total  1985.3  j 

- i.iO-2  9 5 Bali  Boarirr 


.MAlC-0  17 

90  . 1 

MAlC-024  1 

102.0 

Tota  1 

28  3.9 

204-040-424 

Ball  Bearinq 

MAU'-005 

MAIC-01(> 

MAIC-030 


02 . 1 
90.1 
102.0 


Total 


254 . 2 
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TABLE  XVI 1 (Continued; 


Implant 

P/N 

Test 

Hours 

Failures 

Cycles 

Required 

Demonstrated 

Reliable 

Lite  (Hours) 

204-040-3] 

LO  Roller  E 

earing 

MAlC-007 

283.9 

MAlC-009 

283.9 

M/\1C-021 

192. 1 

Total 

759.9 

0 

45 

(T. 



1 *i()‘l-0  4 0--4  0f)  Holier  Bearing 

MAlC-()06 

135.7 

MAlC-019 

90. 1 

X 

MAlC-031 

58 . 1 

ii)tal 

2 8 3.9 

1 

75 

3.8 

204-040-407  Roller  Bearing 

MALC-020 

90.1 

MAU:-02  3 

102.0 

{ Total 

192.1 

0 

45 

4.3 

201-040-725  Planet  Roller 

1 

[aIK>0  7 1 

91.9 

X 

B(K'-0  7 i 

9 3.6 

X 

'Tot  1 

185.6 

2 

105 

1.8 

204-040- L32  Planet  Race 

i 

BBC-  126 

91.8 

45 

i 

2.1 

I 204-040-136  Mast  Bearing 

BHC-052 

9.0 

BllC-12  3 

91.8 

BHC-124 

90.1 

BBC-  132 

102.0 

'Total 

292.0 

0 

45 

6.5 

80 
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lu'yttnti  llu'  ,scii()iJ  i)t  tho  allowablo  schedulo  oi  parts  availat'lf. 

I'm  I'xampli',  MAli'  operatml  bi'ariiujs  in  yioup;;  C)f  sevtMi  aiounil 
t h('  i' Un-k  tiu  t ivt'  months,  anti  only  suppliisl  ij  boat  iiujs  loi  uso 
in  t hi'  Hi'int'va  1 l.imit  Contidenco  Tost,.  In  oidt'r  to  sot  loliablo 
aiul  loalistio  tioi)iaiiat  ion  lovols  in  a I'ioldoti  appl  io.it  ion , a 
piiKinost  it'  I iolti  ti'st  with  .i  tiiatinosLic  systom  that  has  ttu'  capa- 
l' 1 I i t y to  tiotot't  initial  detiradatic'n  in  tJio  "h"  t'atot)oiy  sliould 
lit'  t'ontiiK't  i.'fi  witli  sut  t'ic'ient  aiicratt  to  prtn'iiio  a st  at  i stu'a  1 ly 
atli'tii!  ito  luiml'or  t>t  tiata  points.  Ttu'  tliatinostio  lomov.il  limits 
t'an  thus  l)i'  sot  low  aiui  I'ontinuous  1 y updtitoti  to  t lu'  iiit)ht'st 
piaotioal  limit  as  oonlidenco  is  .issurod  that  t ho  limits  t'an 
satoly  bo  i no t i-asod  . 

•1  . H . I him i tat  ions 


Any  ooiu'l  us  i ons  t'r  rooommentiat  ions  made  as  a result  ot  this  lo- 
ptut  shall  not  cc'nst.ituto  or  imply  sa f ety-o t- 1' 1 itilit  appro\'al. 

The  ultimate  tit'oision  to  t ly  tiotiradt.'ti  parts  shall  bi'  at  the  sole 
dot  ormination  aiui  respi'iis  iiii  1 i ty  ot  the  Government. 

■I  . u I'luj  ineor  iiuj  aini  Teehnieal  .Support  - Task  1 X 

•1  . . 1 I'.rcnind  Run  I'l  oeodures  and  Kquipment 

It  was  aureed  duriny  tlio  initial  AinAl’S  coordination  meetinys  tliat 
all  di  ive  train  components  used  in  the  pioyram  should  be  veritied 
as  be  1 ny  in  a "no-defect"  condition  prior  to  baseline  data 
eel  lection.  This  was  accomplished  by  subjectiny  each  component 
to  a teardown,  inst'ecti on , y reen  run,  and  re  inspection . Gomptui- 
onts  oporateii  in  the  BUT  test  st.and  were  veritied  by  BUT,  and 
I ho.se  opeiateil  at  Kort  Kuckei'  wi'ie  v’ei'ified  by  Ih' AAOTA . Tear- 
down and  inspection  procedures  were  followeii  per  the  followiny 
Pll-lll  W 'i  k Requirements: 


Wo  I k Ri;qui  ii'iui'nt 


Component 


PMWK  SR- I »i  I 5-1  Sti 
I'MWK  Rh- 1 ti  I 5- I 55 
PMWK  ‘.5-15l)0-lJ7 
PMWK  >‘1- 1 ‘)t)0- 1 3 


Universal  Transm i ss i on 
Transmission  Ouills 
B 0 -dey ree  C.ea r box 
•IJ-deyree  Ciearbox 


Pfandard  BUT  Accept. nice  Test  .Rpeci  fication  yieen  run  procedures 
wei  e lol  lowed  .it  BUT.  These  piocedures  were  moililied  by  BUT  tor 
use  by  USAAPTA  .it  I’t.  Kuckei',  in  oriler  for  the  yreen  luns  to  I'e 
conducted  on  components  inst.illed  in  .t  tied-down  helicopter. 
These  procedures  are  cont.iined  in  Af'(>endix  G. 

followiny  baseline  condition  verification  and  d.ita  collection, 
v.ii  lous  discrep.int  p.irts  wen'  inst.illed  in  the  test  components 
for  siynature  dat.i  collection.  In  these  cases,  .i  short  mainten- 
.ince  run-in  was  pertoime.t  on  the  aircraft  tiedown  p.id  betoie 
t 1 iyht  role. ISO,  to  minimise  the  risk  ot  the  implanted  p.irt  tail- 
iny  in  fli.iht.  Tie.lown  run;;  w.  re  .ilso  usi'd  to  ci'llect  data  on 
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()  u u - 0 h B - 0 1 11 
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parts  which  were  judyed  unsuitable  for  flight. 

BUT  recommended  tiedown  operation  procedures  were  provided  to 
USAADTA,  as  shown  in  Appendix  G.  A 212-HES-290-1  stick  limiter 
tool  and  a 204-900-01-WHT-l  tiedown  tool  were  also  provided  on 
loan.  Data  for  fabrication  and  installation  of  the  remaining 
tiedown  equipment  was  provided  as  follows: 

Part  Number  Sketch  Number  Title 

212-018-029  Tiedown  Keijuirements 

205-HES-279  Skid  Gear  Restraint  Hook 

204-011-464  Tiedown  Shackle 

212-HES-295  Tiedown  Fitting 

Recommendations  for  AH-IG  tiedown  run  operation  were  released 
via  BHT  Letter  81  .'JVH ; peb/rcn-54 , dated  5 February  1975  and  are 
presented  in  Appendix  G. 


4.9.2  Input  Driveshaft  Failures  During  Ground  Runs 

Several  input  driveshaft  failures  were  experienced  during  early 
UIl-lH  tiedown  runs  at  Fort  Rucker.  The  problem  was  researched  by 
BHT,  and  recommended  procedures  for  avoiding  such  failures  were 
tieveloped  and  submitted  via  BHT  Letter  80 : JVH ;dhw-337 , 4 December 
lO”!.  Special  transmission  mounts  and  lift  link  for  tiedown 
operation  were  provided  by  BHT  on  loan.  The  installation  of  this 
special  equipment  is  described  in  Appendix  G. 

4.9.1  Bearcat  13  Vibration  Problem 

BHT  assistance  was  requested  by  AVSCOM  with  regard  to  excessive 
medium  frequency  vibration  of  AIDAPS  helicopter  "Bearcat  13" 

(a  UH-IH)  in  flight.  The  aircraft  had  completed  depot  repair  at 
ARADMAC  after  4000  flight  hours,  and  subsequently  had  been  con- 
verted from  a "D"  model  to  an  "H"  model.  It  had  then  been  assigned 
to  Aberdeen  Proving  Grounds,  where  it  was  used  for  approximately 
500  hours  of  various  weapon  system  tests,  followijuj  which  it  was 
assigned  to  the  AIDAPS  program.  BHT  informally  provided  a list 
of  structural  and  control  system  inspections  and  rotor  adjustments 
for  investigation.  Telephone  consultations  between  Hawthorne 
Aviation  personnel  at  Fort  Rucker  and  BHT  Service  Engineers 
failed  to  solve  the  problem,  and  AVSCOM  was  advised  that  the 
next  step  would  be  to  request  that  a BHT  service  engineer 
investigate  the  problem  on-site.  AVSCOM  did  not  request  further 
assistance,  but  indicated  that  Bearcat  #13  would  be  removed  from 
the  flight  test  program. 

4.9.4  Ground  Run  Oil  Temperature  Problem 

The  Army  Aviation  Test  Board  informed  Bell  Helicopter  Textron 
(BHT),  that  with  an  outside  air  temperature  of  90^F  or  above, 
the  maximum  gearbox  oil  temperature  of  212“F  was  reached  after 
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fifteen  minutes  of  tiedown  operation.  An  alternate  test  cycle 
was  outlined  and  formally  presented  to  the  Test  Hoard  per  BUT 
Letter  80 : JVH : dhw- 30 , dated  14  June  1974.  The  [jrocedui  e is  pre- 
sented in  Appendix  f. . 

4.9.5  Hydraulic  Bad  Implant 

Airesearch  reijuested  that  a 204-040-14  3 bearincj  be  implanted  in 
a 204-040-367  Hydraulic  Pump  and  Tachometer  Drive  Uuill  Assembly. 
The  USAAVSCOM  DMWH  55-1615-155  Work  Recjuirement  for  disassembly 
anti  reassembly  of  the  quill  was  discussed  per  telephone  conver- 
sation between  BUT  and  Hawthorne  Aviation  personnel.  No  problem 
with  disassembly  or  reassembly  of  the  quill  was  encountered. 

4.9.6  Engine  Operatinq  Procedure  Change 

An  engine  operating  caution  note  indicating  that  the  N2  speed 
should  be  maintained  above  5500  RPM  was  added  per  Change  8 to 
the  TM-55-1 520-210-10  Operator's  Manual,  dated  25  August  1971. 
Recommended  changes  to  the  ground  run  tiedown  procedures  for 
the  A [DAPS  test  aircraft  at  Ft.  Rucker,  Alabama,  to  comply  witli 
the  caution  note  were  submitted  to  AVSCOM  in  BUT  Letter  81:iJVH: 
{ieb-177,  dated  3 September  1975. 


4.9.7  Increased  Transformer  Capacity 

Tlie  28  VAC/150  VA  transformer,  I’/N  209-075-363,  was  recommended 
to  replace  the  production  28  VAC/50  VA  transformer,  P/N  9T39Y5, 
for  the  prototype  AIDAPS  equipped  helicopters.  Detailed  instal- 
lation information  was  presented  to  AVSCOM,  per  BHT  Letter  81: 

JVMl : peb-194 , dated  12  September  1975,  and  is  outlined  in  Appendix 

(-1  • 


4.9.8  Cargo  Sling  Fitting  Failures 

A broken  205-030-107-1  cargo  sling  fitting  was  received  from 
Fort  Rucker,  Alabama.  This  fitting  is  used  as  the  attachment 
point  for  the  tiedown  tool  for  AIDAPS  UH-IH  helicopters  while 
operating  on  the  tiedown  pad  at  Fort  Rucker.  The  broken  fitting 
was  examined  by  BHT  personnel.  The  findings  of  the  examination 
were  presented  to  AVSCOM  per  BHT  Letter  81 : JVH :peb-194 , dated 
12  September  1975,  and  are  contained  in  Appendix  G. 

A second  205-030-107-1  cargo  sling  fitting  was  reported  as  hav- 
ing failed  at  Fort  Rucker  after  incorporation  of  the  procedures 
outlined  in  BHT  Letter  81 : JVH:peb-194 . The  fitting  apparently 
failed  in  fatigue  similar  to  the  previous  fitting  failure  re- 
ported. Further  investigation  at  Fort  Rucker  indicated  that 
the  fitting  was  installed  backwards.  In  order  to  reduce  the 
possibility  of  further  fatigue  failures  during  tiedown  oper- 
ations, the  Ft.  Rucker  personnel  were  advised  to  replace  the 
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pri)i.luction  7075-'rb  alvinvinvun  torvievi  tittinq  with  a mort'  latiqiio 
ft';;  istviiit  tittitui  nianuf  cjctuii'd  1 rom  4)40  steel,  Iveat  tiv*<itei.l  te 
17‘S,000  psL.  The  sti^el  tittinv?  was  tabiicaLeii  aiui  installed  >it 
Ft.  KiK'kei  , and  no  further  tailures  were  reported. 

4.10  Teehnical  Fepiesentation  - Tasks  X,  XI,  and  XII 

AV'Sv\)M  vin  t ic  i pa  toil  extensive  tiip  rt'quiieiuent  s to  provide  teoh- 
nieal  assist.anot'  ,it  sites  othoi  than  at  the  Bell  Melicv''pter 
Textron  complex,  T(ie  eiuiine  related  setv'ices  uert'  subcont  i ul'I  t>d 
to  till'  Avco  Lycomiiu)  Div.  in  Stiatiord,  Connecticut.  Task  X 
coveieil  the  trips  n^quii  ed  tor  t lu'  co-onlinat  ivin  eit’ort  between 
BUT  and  hycominq.  The  fliqht  test  data  collection  ettort  was 
ciuiducteii  at  the  United  .''>tates  Army  Aviation  Uevelopment  Test 
Ai'tiv'ity  at  Cairn's  Fielii,  Ft.  Kuckei',  Alabama.  Task  XI  coveieii 
the  tiips  reijuired  to  assist  the  UFAADTA  personnel  with  the 
instrumentation  i nstal  la  t ion  , implant  pait  tearilown  and  in- 
spect ion,  .ind  ofH'iation  ot  the  helicopter  on  the  tiedown  pad  as 
well  as  fliqht  testinq  the  A 1 UAl’S  harviware . I’he  implant  candiilati' 
f'atts  wei  e obtained  t rom  the  v'orpus  Christi  Army  Depot  and  stored 
at  t lie  U.S.  Army  Hv>  ami  Installation  Support  Activity,  ilranite 
City,  Illinois.  Part  (a)  ot  Task  XII  covered  the  trips  to  these 
locations  in  support  of  the  Task  Vll  inspection  and  qradinq  ot 
parts  effort  ilescribed  in  Section  4.7.  The  Carrett  Airesearch 
Manut  act  ur inq  Company  AIDAPS  hardware  contractor  and  the  ^tAlv' 
Division  of  the  Pure  Carbon  I'ompany  are  located  in  Torrance, 
California,  and  St.  Marys,  Pennsylv'ania , respectively.  Part  (b) 
ot  Task  XI 1 covered  the  trips  required  to  co-ordinate  the  AIDAPS 
installation  in  the  BBT  helicopters  (Section  4.h),  and  the  trips 
rcviuired  to  co-ordinate  the  bearinq  deqradation  effort  described 
in  Section  4./’.  The  trip  dates,  BUT  personnel  at  fected  and  the 
purpose  of  the  trips  are  summarized  in  Table  XV’llI. 

4.11  Traininq  Schools 


4.11.1  Ai r t fame  Traininq 


A special  three-day  course  coverinq  IHI-IH  aircraft  systems  was 
piovideil  by  BUT  for  AIDAPS  personnel.  The  course  was  conduct  cil 
on  11,  12,  vind  1 ,t  February  1‘I74  at  the  BUT  Tiaininq  Centi'r,  aiiv.! 

was  attended  by  ten  persons  lepresentinq  Aireseaich,  AVSCCM, 

Test  Board,  Lycominq,  BUT,  and  Army  National  Guard  (whicli  pi'o- 
vided  a Ull-lll  helicopter  for  use  as  a tiMininq  aid)  . 

4.11.2  Fnqine  Traininq 

Arr.inqements  were  made  by  BUT  for  Avco  Lycominq  to  provide 
enqine  traininq  for  AIDAPS  personnel.  A T5J-L-1IB  Fnqine  School 
was  conducted  on  7,  8,  and  B January  1874  at  the  Lycominq  factory 
school  . 
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11-13  Sept  74  J.  H.  Drennan  AVSCOM  Review  of  implant  candidates 

J.  V.  Hickey  and  requirements. 
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5.0  CONCLUSIONS 

Tho  data  collection  effort  expended  during  the  course  of  this 
contract  was  very  successful  in  providing  a base  for  continuing 
development  of  a total  aircraft  inspection  and  diagnostic  system 
and  providing  an  insight  into  the  tremendous  effort  reejuired  to 
develop  a prognostic  helicopter  monitoring  system. 

The  K-West,  I’ranklin  Institute  Capacitative , Environment  One 
and  Nucleonic  oil  monitor  systems  were  not  conclusively  evaluated 
due  to  test  conditions,  monitor  system  malfunctions,  and  othor 
circumstances . However,  positive  results  were  obtained  from  the 
advanced  chip  detector  systems.  The  test  results  indicate  that 
an  oil  system  debris  transducer  can  provide  trend  analysis  in- 
formation, reduce  false  indications  and  the  resultant  precaution- 
ary landings  required.  The  upper  mast  bearing  debris  collector 
trapped  the  debris  from  a discrepant  bearing,  preventing  possible 
debris  damage  to  other  parts  of  the  transmission  and  allowing 
the  debris  to  collect  at  a discrete  chip  detector  location  to 
provide  a warning  of  the  bearing  degradation.  If  each  quill 
location  within  the  transmission  were  designed  with  an  oil 
collector  and  discrete  advanced  chip  detector  warning  system, 
it  is  conceivable  that  unnecessary  transmission  removals  would 
be  decreased,  the  teardown  inspections  minimized  and  consider- 
able maintenance  cost  savings  realized,  not  to  mention  the 
debris  [protection  provided  to  the  remaining  dynamic  components. 

The  Arkwin  flow  monitor  as  tested  in  the  hydraulic  pump  byjpass 
circuit  indicated  that  increasing  hydraulic  oil  flow  is  a 
{Positive  candidate  for  an  inspection,  diagnostic  and  [prognostic 
hydraulic  pump  health  monitor. 

The  analysis  of  the  vibration  tape  data  in  order  to  insure  that 
useable  ta[)e  data  was  being  generated  led  to  investigating 
signal  conditioning  methods  to  isolate  the  gear  and  bearing 
vibration  signatures,  as  discussed  in  Section  4.4.  The  demodu- 
lation techniques  indicate  that  the  concepts  are  technically 
feasible,  simple  to  implement,  and  demonstrate  considerable 
potential . 

The  vibration  demodulation  techniques  tested  demonstrated  that 
a baseline  signature  is  not  required  and  that  initial  bearing 
degradation  in  the  "B"  category  can  be  detected.  The  Etjuipment 
Performance  Reports  received  during  the  prototype  AIDAPS  equip- 
ment demonstration  at  Ft.  Rucker,  Alabama,  show  that  it  requires 
an  average  of  9.8  hours  of  special  steady  state  condition  pro- 
file flying  per  aircraft  to  establish  a mature  baseline  for  a 
set  of  engine,  transmission  and  gearbox  components.  The  BUT 
demodulation  technique  relies  on  the  physics  of  the  transmission 
and  gearbox  design,  eliminating  the  costly  baseline  signature 
determination.  The  demodulation  technique  is  also  much  more 
easily  adaptable  to  design  changes  within  a <jiven  drive  train, 
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or  to  other  transmission  systems,  than  is  the  AIDAPS  prototype 
technique.  With  the  BHT  concept  a simple  adjustment  of  frequen- 
cies monitored  within  the  detection  circuit  would  be  all  that  is 
required  to  adapt  the  monitor  to  another  gearbox  or  for  a bearing 
or  gear  design  change  made  within  the  monitored  gearbox. 

The  AIDAPS  hardware  developer  reported  that  Category  "B"  and  "C" 
degradation  was  not  detectable  by  the  AIDAPS  vibration  analysis. 
The  degraded  parts  tested  at  the  BHT  facility  for  malfunction 
signature  data  and/or  validated  as  flight  test  candidates  for 
use  by  the  AIDAPS  contractor  at  Ft.  Rucker,  Alabama,  were,  as 
requested  by  AVSCOM,  therefore  in  the  upper  limit  "C"  or  "D" 
category.  As  a result,  the  diagnostic  annunciation  of  the  AIDAPS 
system  is  set  for  upper  limit  "C"  and  "D"  degradation  level 
parts,  in  order  to  confidently  detect  degradation  with  a minimum 
of  false  alarms.  The  parts  collected  from  the  overhaul  facilities 
by  AVSCOM  to  be  used  in  this  program  were  mostly  in  the  "B" 
category  degradation.  A great  amount  of  time  was  dedicated 
during  the  subject  contracted  program  to  artificially  degrade 
implants  and  validate  them  in  the  BHT  test  cell  in  order  to 
adequately  support  the  flight  test  data  collection  effort  con- 
ducted by  the  AIDAPS  hardware  contractor  at  Ft.  Rucker. 

Most  of  the  bearing  implants  tested  were  artificially  degraded 
by  means  of  a V'ibro-etching  tool.  These  parts  were  satisfactory 
for  signature  analysis;  however,  naturally  degraded  bearings  with 
subsurface  fatigue  were  required  to  conduct  a valid  degradation 
rate  test  for  use  in  failure  prognosis.  The  scarcity  of  such 
naturally  degraded  components  restricted  the  amount  of  prognostic 
testing  which  could  be  conducted  in  a reasonable  time.  AVSCOM, 

BHT  and  the  AIDAPS  hardware  contractor  agreed  tliat  one  primary 
part  in  the  most  probable  failure  mode  would  be  implanted  in  the 
transmission  and  each  gearbox  and  operated  for  120  hours  in  the 
failure  prognosis  Degradation  Rate  Test. 

The  AIDAPS  contractor  reported  that  the  changes  in  part  condition 
during  the  120-hour  prognostic  Degradation  Rate  Test  conducted 
at  BHT  and  the  engine  prognostic  testing  conducted  at  Avco 
Lycoming  were  inadequate  to  warrant  analysis  of  the  data.  As 
a result,  no  prognostic  capability  was  provided  in  the  prototype 
AIDAPS  system. 

The  reliable  life  determination  calculations  require  45  tests 
without  failure  to  show  95%  reliability  at  the  90%  confidence 
level,  and  75  and  105  tests  for  1 and  2 failures  respectively. 

An  uncompromised  test  for  one  bearing  and  one  gear  would  there- 
fore require  135  bearing  implants  (45  outer  race,  inner  race  and 
rolling  element  defects)  and  45  qear  implants  tested  for  the  re- 
quired number  of  hours  without  failure.  If  a failure  occurred, 
then  30  more  implants  with  the  same  type  of  defect  would  be  re- 
quired. Seventeen  bearing  and  ten  gear  locations  were  outlined 
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to  be  tested  in  the  UH-IH  transmission  and  gearboxes.  This 
would  require  a minimum  of  2,745  implants  if  all  three  bearing 
defect  types  were  tested  or  a minimum  of  1,215  implants  if  only 
one  bearing  defect  was  tested.  To  further  complicate  the  test 
planning,  only  one  implant  per  location  should  be  tested  so  that 
the  defect  degradation  rate  would  not  be  affected  by  an  adjacent 
defect . 


The  test  time  and  the  naturally  degraded  parts  required  to  run 
a statistically  adequate  comprehensive  prognostic  reliability 
test  became  beyond  the  scope  of  the  allowable  schedule  of  parts 
available.  The  MAIC  program,  to  supply  fatigue  induced  defects 
for  the  Removal  Limit  Confidence  Test,  operated  bearings  in 
groups  of  seven,  using  three  test  rigs,  around  the  clock  for 
five  months  in  order  to  degrade  34  bearings. 

In  order  to  gain  an  insight  into  the  probable  degradation  rate 
and  gain  confidence  in  the  part  life  remaining  for  use  in  the 
AIDAPS  Advanced  Development  Test  Program,  the  Removal  Limit 
Confidence  Test  was  designed  and  operated  in  the  BHT  transmission 
test  laboratory.  The  results  indicate  that,  as  tested,  a level 
of  confidence  appears  satisfactory  to  operate  implant  parts  with 
the  degradation  levels  required  by  the  Airesearch  Manufacturing 
Company  during  the  AIDAPS  Prototype  Advanced  Development  Test 
at  Fort  Rucker,  Alabama.  This  conclusion  is  based  on  the 
premise  that  the  AIDAPS  implant  bearings  and  gears  will  be 
operated  by  USA  ADTA  personnel  under  closely  controlled  flight 
test  conditions.  These  conditions  include: 

Detailed  visual  and  magnaflux  inspection  of  the  implants. 

Preflight  tiedown  validation  runs  as  outlined  in  the  special 
maintenance  guides  developed  for  this  program  by  BHT  and 
USAADTA  personnel . 

Operation  of  the  aircraft  by  highly  experienced  and  skilled 
aviators . 

Depot  maintenance  level  postflight  teardown  inspections  by 
highly  experienced  and  skilled  mechanics. 

Maintenance  of  the  AIDAPS  monitoring  equipment  by  a highly 
qualified  AIDAPS  contractor  technician. 

The  results  do  not  therefore  indicate  a level  of  confidence 
that  upper  limit  "C"  to  "D"  classified  part  removal  thresholds 
occur  by  an  adequate  margin  prior  to  failure  for  an  operation- 
ally fielded  AIDAPS  helicopter. 
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In  order  to  set  reliable  and  realistic  degradation  levels  in  a 
fielded  application,  a prognostic  fieJd  test  will  be  required 
with  a diagnostic  system,  as  developed  at  BHT  during  this  program, 
that  has  the  capability  to  detect  initial  degradation  in  the  "B" 
category.  The  program  will  require  suiticient  aircraft  to  pro- 
vide a statistically  adequate  number  of  data  points  under  similar 
closely  controlled  flight  test  conditions  that  prevailed  during 
the  AIDAPS  flight  test  program  conducted  by  the  USA  ADTA  personnel 
at  Ft.  Rucker,  Alabama.  The  diagnostic  removal  limits  can  then 
be  set  low  and  continuously  updated  to  the  highest  practical 
limit  as  confidence  is  assured  that  the  limits  can  safely  be 
increased . 

A large  engineering  and  technical  support  effort  was  required 
to  provide  technical  problem  solving  expertise  by  the  engine  and 
airframe  contractor.  The  field  problems  solved  were  highly 
dependent  on  the  expertise  and  experience  gained  by  previous 
programs,  especially  during  the  conduct  of  the  helicopter  tiedown 
operations,  and  engine  MET  stand  operations.  Knowledge  of  the 
helicopter  vibration  and  temperature  environment,  and  system 
parameter  logic,  provided  valuable  time  saving  recommendations 
by  BHT  and  Lycoming  personnel  during  equipment  installations 
and  in  solving  data  reduction  problems.  The  need  for  the  air- 
frame and  engine  manufacturers  to  share  responsibility  in  the 
engineering  management  of  a diagnostic  or  prognostic  monitoring 
development  program  and  the  need  for  the  manufacturer  to  have 
prime  responsibility  in  the  design  of  a production  monitoring 
system  suitable  to  their  particular  helicopter  and/or  engine 
configuration  was  demonstrated  conclusively  by  the  engineering 
and  technical  support  required  during  this  program. 

6.0  RECOMMENDATIONS 

It  is  recommended  that  a follow-on  program  to  further  define  the 
inspection  and  diagnostic  techniques  developed  during  this  pro- 
gram, and  especially  to  develop  prognostic  capabilities,  be 
initiated  with  the  AIDAPS  UH-IH  helicopters  presently  based  at 
the  USAADTA,  Ft.  Rucker,  Alabama.  This  can  be  accomplished  by 
a TBO  extension  type  program  with  serviceable  transmissions, 
gearboxes  and  engines  that  are  ready  for  time  based  overhaul. 

The  serviceability  can  be  established  by  teardown  analysis  using 
the  personnel  trained  and  the  facilities  developed  at  USAADTA, 

Ft.  Rucker,  Alabama,  tor  the  AIDAPS  flight  test  data  collection 
program.  The  BHT  engineering  tasks  recommended  to  support  this 
program  are  as  follows: 

Design  and  fabricate  a bearing  and  gear  demodulation  data 

collection  and  monitor  system  for  the  UH-IH  helicopter. 

Design  and  fabricate  debris  collectors  deemed  feasible  for 

installation  within  the  transmission. 


1 
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Procure  advanced  chip  detectors  and  design  and  fabricate 
airworthy  data  collection  and  monitor  systems. 

Design  and  fabricate  a mechanical  systems  data  collection 
and  monitoring  device  based  on  the  fault  logic  diagrams 
presented  in  Appendix  C. 

Install  the  data  collection  and  monitoring  devices  in  the 
UH-IH  helicopters  at  Ft.  Rucker,  Alabama. 

Monitor  the  data  and  provide  data  analysis  and  technical 
support  during  the  tests  at  Ft.  Rucker,  Alabama. 

Study  the  feasibility  of  an  on-board  main  rotor  blade  and 
tail  rotor  blade  balance  monitor  system. 

Study  the  feasibility,  with  Avco  Lycoming,  of  a simple 
engine  performance  monitor  to  automatically  perform  the 
HIT  check  testing  required. 

Upon  completion  of  the  above  two  feasibility  studies, 
design,  fabricate  and  install  the  monitoring  devices,  and 
integrate  them  into  the  overall  program. 
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A-L.U  SYSTEM  DESCRIPTION  AND  INSTALLATION 

A- 1 . 1 Tedeco  Fuzz  Discriminating  Wear  Debris  Detection  System 

An  E-iOOb  Tedeco  laboratory  power  module  and  monitor  panel  and  a 
B-475  Tedeco  UH-IH  main  transmission  chip  detector  were  made 
available  to  BUT  for  evaluation  (see  Figures  A-1,  A-2,  and 
A- 3 and  Table  A-1)  . 

Tl\e  B-475  detector  magnetically  collects  ferrous  wear  debris  and 
generates  a i]uanti tative  signal  whose  amplitude  increases  as  the 
amount  oi  wear  debris  accumulation  at  the  sensor  surface  in- 
creases. The  signal  is  displayed  directly  on  a meter  mounted  in 
the  E-1006  power  module  monitor  panel.  The  signal  generated  by 
the  detector  is  also  differentiated.  A large  particle  arriving 
at  the  sensor  triggers  a switching  circuit  and  activates  a chip 
light  (Mode  II)  on  the  E-1006  monitor  panel.  Fuzz  accumulation 
Will  be  indicated  on  the  meter  but  will  not  activate  the  warning 
light.  The  particle  size  sensitivity  was  set  for  a chip  approx- 
imately .0  30  .X  .040  X .005  inch.  A large  amount  of  fuzz  will 
decrease  the  switching  circuit  sensitivity  so  the  detector  should 
bo  cleaned  when  the  fuzz  accumulation  meter  indicates  full  scale. 

The  sensor  was  installed  in  the  UH-lH  AIDAPS  transmission,  replac- 
inu  the  standard  chip  detector.  The  power  module  was  installed 
on  the  test  stand  console  and  used  to  monitor  the  transmission 
umier  test.  The  transmission  was  monitored  with  the  THRESHOLD 
switch  at  position  M,  MODE  switch  at  position  II,  and  SEL  switch 
at  OPER.  A temperature  compensation  circuit  was  installed  in 
the  particular  model  delivered  and  bypassed  the  calibration  cir- 
..•uiL  and  controls  installed  in  the  power  module  and  monitor  panel. 
The  fuzz  accumulation  meter  was  read  during  each  30-minute  test 
cycle  and  iimnediately  after  a Light  II  illumination.  The  sensor 
was  removed  and  photographed  after  each  Light  II  actuation. 

A- 1 . 2 BUT  Capacitor  Discharge  Wear  Discrimination  System. 

.A  capacitor  is  connected  in  parallel  with  the  standard  cliip  de- 
tector electrical  contacts.  When  voltage  is  applied  through  the 
chip  light,  the  capacitor  becomes  charged.  As  wear  particles 
bridge  the  gap  of  the  chip  detector  terminals,  the  capacitor 
discharges.  A small  sliver  or  fuzz  is  automatically  burned  off 
and  the  capacitor  recharges.  A large  chip  or  a large,  rapid  col- 
lection of  fuzz  that  does  not  burn  off,  discharges  the  capacitor 
and  provides  a short  that  turns  on  the  chip  light.  The  capacitor 
can  also  be  connected  in  series  with  a switch  so  that  when  the 
chip  light  is  activated  the  capacitor  is  not  discharged  automat- 
ically but  manually  by  depressing  the  switch. 

The  Capacitor  Discharge  Chip  Detector  Control  Bo.x  (Figure  A-4) 
was  installed  and  replaced  the  42-degree  gearbox  chip  detector 
light.  The  system  was  operated  in  the  manual  mode  until  the  tirst 
cliip  iniiication  light  was  observed.  In  the  event  t lie  chip  light 
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did  not  oxtimiuinh  altoi  swiLchimi  to  autonuitic,  the  synteni  wan 
rotnrned  to  the  manual  motle  aiui  nix  attompts  wore  made  to  t'Xtin- 
ciuinli  the  chip  lipht  liy  punliiiuj  the  manu.il  burnoff  (msh  button. 
Teat  ioq  entrion  were  made  at  each  chip  li(|ht  indication  and  pic- 
tunus  taken  of  tlie  cliip  i.ii;tector. 

A-i.  i Bll'l'  t’urient  i'uine  Wear  Liincrimination  .Synteiii. 

A cui  rent  puine  control  box  is  connected  to  <i  standard  chip  de- 
tector. Wlien  the  L-hip  liqht  is  activated  by  I u/.z  or  chips,  tlu* 
control  unit  will,  when  manually  actu.ited  by  a push  button,  direct 
vi  controlled  current  pulse  throiujli  the  chip  detector.  A small 
sliver  oi‘  tuzz.  will  burn-ofl  , turnijni  ot  i the  chip  indication 
liqht.  A cliip  or  a Larqe  rapid  collection  ol  fuzz  will  not  burn 
oft  aiui  the  chip  iiRliiMtion  will  remain  on. 

The  furrent  I'ulsi?  Wear  Ptirticlo  Discriminator  Control  Unit  (I’k)- 
ure  A-‘3)  was  insdallcd  in  conjunction  with  the  ‘)0-deqree  qearbox 
<'hip  detector  liqht.  'L’he  amount  ot  current  and  (lulse  width  is 
variable  and  was  initially  set  at  3/4  maximum  setting.  When  a 
chip  was  indicated,  up  to  six  attempts  were  nuide  to  extinquisli 
t lie  chii)  liqht  by  .ictuatinq  the  pulse  button.  In  the  event  the 
chip  liqht  dill  not  extinquish,  the  current  and  time  settinqs  were 
increased  to  maximum  and  tlie  [lulse  button  actuated  aijain  as  above. 
Test  loq  I'utries  weii'  made  at  each  chi()  iii)ht  indication  and  pic- 
t uri's  t.iken  o!  I lie  chip  detector. 

A-2.0  FlUF.  HAZARD  DETRKMJ  NATION 

A t(?st  t.o  simulate  tr.insmi  ssi on  operating  conditions  was  set  up 
in  the  HUT  Chemistry  Laboratory  to  determine  if  a fire  hazard 
exrsteil  while  oi'cratinq  the  HUT  burn-off  chit)  detectors.  The 
tests  were  conduct. I'd  with  both  M1L-L-71U)8  and  MI  L-L-2  3()9‘)  oils 
and  uj)  to  (which  is  1 above  the  ma.ximum  allowable  bulk 

oil  temperature).  The  tost  w.is  set  uti  as  illustrated  in  Figure 
A-().  The  chip  lietector  w.is  sut)ported  by  an  adjustable  stand  ami 
W.IS  iiositioned  at  v.ii  ious  levels  with  respect  to  the  oil  level, 
from  submerged  to  six  Inches  above.  The  aqit-.itoj-  was  run  at  .i 
siieed  sufficient  to  achieve  surface  splashing  ol  the  oil.  Capac- 
itors ot  ‘14  mici'o- 1 arads  were  inst.alled  across  tdre  chip  lietector 
terminals,  charged  to  28  volts  .ind  remotely  tired.  .Steel  slivers 
used  in  the  test  weii'  of  fine  steel  wool  of  approximately  .001  x 
.001  cross  section.  The  tests  iirdicated  th.it  as  tested,  no  tire 
hazard  exists  .is  .r  result  of  a particle  being  burnetl  off. 

A-  1.0  RKSULT.S 

Till!  .iiiv.inced  chi))  lietector  sv'stems  were  installed  duirimj  thi' 
first  two  test  block.s  of  the  Removal  Limit  Confidence  Test  de- 
scribed in  the  body  of  this  report.  .Spalled  bearings  and  scored 
gears  inst. riled  in  the  main  tr.rnsmiss ion  and  gearboxes  provided 
a source  of  debris. 
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Fuzz  buiiti-up  was  leiiLsLered  on  Lhe  Tcdeco  dobris  acoumulal  it)n 
motor.  Larije  spall  flakos  activat.od  tlio  Mode  11  Liiiht  on  oiqht 
difforont  occasions  with  a ci)ncuii:ont  laia^o  incroaso  indicatoil 
on  the  debris  accumulation  motor.  The  tost  rosvilts  are  jn  I'siMitt'd 
in  Fiquro  A-7  thrx)uc(h  A-12.  The  cable  connect  inq  the  Teiloco 
sensor  and  control  L)ox  was  d.tmaqod  durinq  the  first  transmission 
teardown  ami  was  inoi)orativo  foi:  the  tirst  24.2  hours  ol  the  next 
tost  seciuence.  Alter  repair,  fuzz  build-up  was  rotjisterod  on  the 
debris  accumul.ition  motor.  Larqe  spall  Hakes  activ'ated  tlii'  Mode 
It  l.iqht  on  two  ditteront  occasions  with  a concurrent  larqe  in- 
crease indicated  on  the  debris  accumulation  motoi'.  The  test  re- 
sults are  presented  in  Fiejuros  A-13  through  A-15.  The  connector 
on  the  sensor  unit  was  damaqoti  durinq  the  sccomi  transmission 
tiMi'iiown  and  caused  a short  in  the  temporal. ui'e  componsatinq  (cal- 
ibration) circuit.  No  further  Tedeco  data  was  collected. 

A larqe  amount  i^l  tuzz  was  rapidly  accumulated  on  the  ^0-dc<jree 
qearbox  chip  detectoi'.  The  current  fmlse  system  failed  to  bvirn 
(j  f f the  fuzz  (Fiqure  A-!i)).  Tlie  capacitive  liischarqe  system  was 
tlu.'u  installed  with  similar  la.-suits  (Figure  A- 1 7 ) . The  inability 
ot  the  systems  to  burn  (.>11  the  dobi.'is  was  t.iMced  to  t.he  iat)id 
rate  ol  collect  i(.>n  of  debris  fuzz  from  the  damaged  90-deqree 
qearbox  gears.  This  trollect  i(.)n  was  much  more  ra(>id  tlu'u  would  be 
expirrienced  in  an  operational  (jearbo.x. 

In  a parallel  test  pi-ogr.rm,  a manually  activated  ca}>acitivo  dis- 
ch.iKje  chip  detector  system  was  installed  on  the  fliijht  test  VAll- 
t)  1 hi' 1 i copters . A jrrecautionary  landing  would  be  pertoinied  only 
il  the  chip  light  was  actuated  and  could  not  bo  extinguislrod  by 
till'  mcuiually  activated  burn-off  system.  A post  flight  inspection 
of  the  chip  detector  was  conducted  any  time  the  system  was  acti- 
vated. Preliminary  results  from  the  program  have  been  received. 
During  the  first  liO  actuations,  the  chip  light  was  ext  i mniished 
45  Limes  with  no  further  i nv^cstiiiat  ion  indicati'd  during  the  }'ost- 
1 light  inspection  of  the  detector.  Tlu'  chip  liifht  was  not  extin- 
guished five  times  and  a precautionary  landing  was  perloimed. 

Post  fliijht  inspection  of  the  detector  indicated  that  a t r. ms- 
mission  inspection  was  warranted. 

A- 4,0  CONCbU.S  IONS 

The  Teiieco  discriminating  system  operated  sa  L i s 1 actor  i 1 y as  ti'st- 
od,  indicating  debris  fuzz  without  actuat  ing  a I'h  i p iiuiication 
until  a large  f>article  was  captured. 

The  BUT  burn-off  syst.ems,  as  tested  in  the  BUT  t iansn\i  ss  ii>n  test 
lab,  did  not  burn-oft  any  fuzz,  but  demonstrated  that  a rapid 
rate  of  fuzz  th.it  is  indicative  of  gear  scoring  could  be  accumu- 
lated rapidly  .uui  indicate  the  tault.  The  preliminaiy  results  ol 
the  BUT  c.ipacitive  discharge  system,  as  inst. tiled  and  tested  in 
the  YAU-6J  flight  test  prexjram,  indicate  (he  system  oper.ites 
satis  factor  i ly , 
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Figure  A-1.  TEDECO  monitor  control  box. 
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Figure  A-3.  TEDECO  B475  chip  detector. 
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TABLE  A- I 

TEDECO  CHIP  DETECTOR  MONITOR 
OPERATING  INSTRUCTIONS 

1.  Set  "POWER"  switch  to  on  position. 

2.  Press  "RESET"  button. 
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CALIBRATIONS 

(a)  Turn  selector  (SEL)  switch  to  calibrate  (CAL)  position. 

(b)  Note  reading  on  red  range  scale. 

(c)  Turn  calibration  (CAL)  switch  to  number  correspond inq  to 
reading  obtained  by  instructions  in  note  (b) . 

METER  INDICATION 

(Total  accumulated  wear  debris) 

(a)  Turn  selector  switch  to  operate  "OPER"  position. 

(b)  Turn  threshold  switch  to  position  "M", 

MODES 

Mode  I - "Anti- Panic  Readout” 

(a)  Set  "MODE"  switch  to  position  "I". 

(b)  Turn  threshold  switch  to  position  "I". 

(c)  Debris  accumulation  at  sensor  will  trigger  "LIGHT  I”. 

(d)  Turn  threshold  switch  to  position  "2")  light  will  qo 
out  until  it  is  again  triggered  by  further  accumula- 
tion . 

(e)  This  cycle  may  be  repeated  up  to  threshold  position  "5". 

(f)  The  interval  between  successive  indications  permits 
estimate  of  rate  of  failure  progression. 

Mode  II  - "Small  Particle  Discrimination" 

(a)  Set  "MODE"  switch  to  position  "II". 

(b)  Large  particles,  when  arriving  at  sensor  location,  will 
trigger  "LIGHT  II"; fuzz  or  small  particles  (even  quanti- 
ties larger  than  single  large  particle)  are  disregarded. 

(c)  When  indication  is  obtained,  system  can  be  reset  to  re- 
ceptive status  by  pressing  "RESET"  button. 
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TABLE  A- I (Cont’d) 


TEDECO  CHIP  DETECTOR  MONITOR 


il 


OPERATING  INSTRUCTIONS 


(d)  Next  arriving  large  particle  will  trigger  light  again. 

(e)  Cycle  may  be  repeated  until  sensor  saturates. 


f 


NOTES; 

(1)  When  switching  from  "MODE  I"  to  "MODE  II",  press 
"RESET"  button  to  return  system  to  receptive  status. 

(2)  When  switching  from  "MODE  II"  to  "MODE  I",  large 
particle  indication  is  lost. 

(1)  Unit  may  be  used  in  conjunction  with  "TEDECO  QUANTI- 
TATIVE MAGNETIC  WEAR  SENSORS" . 
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TEDECO  detector  at  90.0  hours.  Block  2 


Figure  A- 14 


Block  2 


TEDECO  detector  at  90.1  hours 
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'■>0-dcqroe  qeaiiiox  cliip  detector 
capacitive  discharqe  system. 
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B-l.O  BEARING  DEFECT  VIBRATION  MONITORING  PROGRAM 


a-1.1  Discussion 


The  BUT  bearing  defect  detection  analysis  Ls  similar  to  the  MTI 
technique  reported  in  the  body  of  this  report.  When  a defect  in 
the  inner  or  outer  race  of  a bearing  is  struck  by  a rolling  elem- 
ent, a number  of  structural  resonances  are  excited.  A defect  on 
the  rolling  element  has  the  same  effect.  The  particular  rolling 
element  pass  frequency,  related  to  the  location  of  the  defect, 
amplitude  modulates  the  structural  resonances.  By  demodulating 
one  of  these  resonances,  a rolling  element  pass  signal  is  recov- 
ered. The  frequency  of  the  signal  is  then  compared  with  the  cal- 
culated frequency  that  determines  which  particular  bearing  is 
defective . 

A block  diagram  illustrating  the  flow  of  information  in  the  BUT 
bearing  detection  system  is  outlined  in  Figure  B-1.  The  acceler- 
ometer signal  in  the  frequency  range  of  0-80  kHz  is  conditioned 
by  a variable  band-pass  filter  of  approximately  2 kHz  bandwidth. 
The  output  signal  of  the  band-pass  filter  is  provided  to  the  de- 
tector circuit  consisting  of  a half-wave  rectifier  and  low-pass 
(I  kHz)  filter.  This  circuit  demodulates  and  frequency  limits 
the  vibration  signal.  The  demodulated  signal  is  then  spectrum 
analyzed.  A significant  spectrum  peak  at  the  fundamental  freq- 
uency of  the  bearing  defect  indicates  that  a fault  has  been  de- 
tected. The  scope  and  x-y  plotter  are  used  to  monitor  and  cap- 
ture the  data  signals. 

An  automatic  monitor,  illustrated  in  Figure  B-2,  was  developed  to 
replace  the  spectrum  analyzer.  The  demodulated  signal  from  the 
low-pass  filter  of  Figure  B-1  is  peak  and  average  detected  and 
the  peak  and  average  values  are  then  compared  in  the  comparator. 
The  defect  threshold  ratio  established  in  the  comparator  will  not 
be  exceeded  for  a no-defect  condition  and  there  is  no  more  action 
required  in  the  monitor  circuit.  The  threshold  ratio  in  the  com- 
parator will  be  exceeded  if  the  input  signal  is  from  a defective 
component.  The  comparator  then  enables  the  counter  which  starts 
counting  clock  pulses  at  the  frequency  of  the  incoming  signal  and 
starts  the  reset  timing.  When  a defect  is  present  the  pulse  of 
the  incoming  signal  is  continually  counted  until  the  count  reaches 
the  level  of  the  logic  gate  and  energizes  the  fault  indicator. 

When  noise  or  random  signals  exceed  the  comparator  the  countei  is 
enabled  but  is  reset  by  the  timer  before  a fault  is  indicated. 

The  monitor  must  receive  a set  number  of  counts  from  the  incoming 
signal  within  a set  time  frame  before  a fault  is  indicated.  The 
input  signal  to  the  monitor  and  the  resultant  comparator  signal 
for  a no-defect  condition  and  for  an  implanted  bearing  fault 
condition  are  presented  in  Figure  B-3. 
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I B-1.2  Results 

! The  data  presented  was  retrieved  from  the  data  tapes  generated 

j during  the  second  test  block  of  tl\e  Removal  Limit  Confidence  Test. 

Seventeen  bearings  with  twenty  documented  defects  were  installed 
■ in  the  UH-IH  transmission  and  gearboxes.  The  implant  bearings, 

I defects,  installed  location  and  anticipated  defect  f reijviencies 

are  listed  in  Table  B-1. 

, Spectral  analyses  of  the  amplitvide  demodulated  vibration  sensor 

: signals  with  the  implanted  bearings  of  Table  B-I  were  obtained 

. and  are  presented  in  Figures  B-4  to  B-14.  All  tlie  vibration 

signal  data  exhibited  a spectral  line  within  + 5%  of  the  center 
calculated  frequency  with  a minimum  amplitude  level  of  6 dH  above 
the  noise  level. 

, Spectral  analyses  of  the  frequency  demodulated  vibration  signals 

I plotted  of  non-defective  transmissions  and  gearboxes  were  also 

obtained.  Ttiese  results  are  presented  in  Figures  B-4A  through 
B-14A.  Tlie  spectral  plot  of  implant  bearing  MAIC-016  is  not 
presented  because  comparable  no-defect  data  is  not  availvable. 

Table  B-1  summarizes  the  detected  defects  and  detection  frequenc- 
ies. 

i 

Thirteen  Category  "B"  defects  (Table  B-II)  wore  indicated  by  the 
'•  defect  monitor  analysis  which  liad  not  been  documented.  Ten  of 

■ the  defects  were  verified  by  teardown  inspection.  The  bearings 

' with  the  three  defects  not  validated  were  defective  in  other  areas 

and  it  is  presumed  that  debris  from  the  defective  bearing  caused 
the  defect  indication.  In  no  case  was  a non-defective  bearing 

■ iiientified  as  defective. 

Accelerometer  locations  were  critical  on  the  90-degree  box.  The 
' initial  accelerometer  mounting  configuration  did  not  transmit 

adequate  vibration  energy  to  the  installed  B&K  accelerometers  to 
provide  a defect  signal.  The  B&K  accelerometers  were  removed 
> from  the  mounting  brackets  and  cemented  on  tlie  inpvit  and  ovitput 

j quill  case.  This  relocation  provided  sufficient  signal  strength 

to  isolate  the  input  and  output  bearing  faults.  Hither  acceler- 
ometer located  at  the  input  or  output  quill  of  the  42-degree  gear- 
box would  indicate  both  the  input  or  output  quill  bearing  faults. 
No  location  optimization  was  experimented  with  on  the  main  trans- 
mission . 

Although  numerous  resonant  frequencies  were  detected  across  the 
60  kHz  bandwidth,  the  band-pass  frequencies  noted  in  Table  B-II 
exhibited  the  most  pronounced  spectral  data  for  fault  detection 
of  the  noted  implants.  In  general,  the  higher  frequency  band 
passes  produced  better  signal-to-noise  ratios  than  the  lower 
frequency  band-passes.  Three  band-pass  frequencies  (l-J  kHz, 

20-24  kHz,  50-55  kHz)  produced  amplitude  detection  large  enough 
to  establish  that  a defect  was  present  in  all  the  beariiuj  defects 
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tested.  Theory  predicts  that  the  natural  frequency  of  the  inner 
and  outer  races  would  be  the  two  discrete  carrier  frecjuencies 
for  each  bearing.  Fortunately  this  is  not  the  case,  and  apparent- 
ly the  rolling  element  defect  passage  excites  numerous  structural 
resonances  that  carry  the  defect  signal.  Some  of  the  spectra 
cannot  be  readily  identified,  but  are  academic  considerations  at 
present  and  do  not  interfere  with  the  detection  analysis  process. 


The  monitor  circuit  was  developed  using  the  output  signal  of  the 
Bi»K  vibration  transducer  from  the  42-degree  gearbox  input  quill. 
The  monitor  circuit  operated  satisfactorily  with  a peak  to  average 
ratio  of  10.3  set  into  the  comparator  and  ten  clock  pulses  in  100 
milliseconds  set  in  the  logic  gate  before  the  fault  detector  was 
energized.  The  monitor  design  is  susceptible  to  steady-state  one- 
per-revolution  and  gear  frequencies  that  possibly  can  fall  into 
the  band  of  frequencies  monitored.  If  this  is  the  case  in  other 
installations  these  steady-state  frequencies  will  have  to  be 
filtered  out.  High  noise  levels  inherent  in  power  changes  can 
start  the  counter  in  the  monitor  circuit  and  possibly  trip  the 
fault  indicator. 

The  spectral  level  amplitude  generated  from  a Category  "B"  Fault 
was  not  consistently  distinguishable  from  a Category  "D"  Fault; 
therefore,  present  indications  are  that  the  magnitude  of  a de- 
tected defect  cannot  be  determined  by  the  amplitude  of  the 
spectral  signal.  The  testing  conducted  has  indicated  that  a 
fault  is  truly  present,  however,  when  the  spectral  frequencies 
are  present. 
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Figure  B-J.  Comparator  monitor  operation. 
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Figure  B-5A,  Demodulated  signal  spectrum  - no  transmission  sump  quill  bearing  defect. 


Demodulated  signal  spectrum  - transmission  input  bearing  defect 
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Demodulated  signal  spectrum  - multiple  transmission  defects 


Figure  B-8A.  Demodulated  signal  spectrum  - no  transmission  defect 
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Figure  B-llA.  Demodulated  signal  spectrum  - no  42  gearbox  output  defect 
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Demodulated  signal  spectrum  - 90°  gearbox  output  defect 


TABLE  B-II 

UNDOCUMENTED  CATEGORY  "B"  BEARING  DETECTION 


Implant 

P/N 

Degradation 

Remarks 

- 

MAIC-007 

Inner  Race 

573  fi 

MAIC-010 

Inner  Race 

504  fi 

MAIC-012 

Outer  Race 

357  fi 

- 

MAIC-012 

Ball 

428  fb 

Not  verified 

MAIC-015 

Ball 

393  fb 

MAIC-016 

Ball 

214  fb 

MAIC-017 

Outer  Race 

606  fo 

MAIC-018 

Ball 

594  fb 

- 

MAIC-018 

Outer  Race 

990  fo 

Not  verified 

MAIC-020 

Inner  Race 

310  fi 

BHC-071 

Inner  Race 

494  fi 

BHC-124 

Ball 

39  fb 

Not  verified 

BHC-124 

Inner  Race 

61  fi 
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B-2.0  GEAR  DEFECT  VIBRATION  MONITORING 


B-2.1  Discussion 


The  fundamental  gear  mesh  frequency,  and  sidebands  that  correspond 
to  the  one-per-revolution  of  the  gear  shaft,  are  predominant 
frequencies  noted  during  gear  operation.  As  a gear  fault  becomes 
present,  the  fundamental  gear  mesh  frequency  amplitude  decreases 
and  the  amplitude  of  the  sidebands  increases.  The  decrease  in 
relative  power  of  the  fundamental  with  redistribution  of  the  power 
into  sideband  energy  is  characteristic  of  frequency  modulation 
(FM) . By  FM  demodulation  of  the  fundamental  gear  mesh  frequency 
of  the  vibration  sensor  signal,  the  redistribution  of  the  side- 
band energy  can  be  measured  and  defective  gears  can  be  identified. 

A block  diagram  of  the  gear  defect  detection  system  is  presented 
in  Figure  B-15.  The  accelerometer  signal  between  1 and  80  kHz  is 
provided  to  the  phase  lock  loop.  The  phase  lock  loop  center 
frequency  is  set  at  the  fundamental  gear  mesh  frequency  of  the 
gear  monitored  with  a band  width  encompassing  +5  sidebands  which 
are  multiples  of  the  gear  shaft  rotation  speed.  The  demodulated 
signal  is  then  spectrum  analyzed.  Significant  spectrum  peaks  at 
the  sideband  frequencies  indicate  that  a gear  fault  is  present. 

The  scope  and  x-y  plotter  are  used  to  monitor  and  capture  the 
data  signals. 

An  automatic  monitor,  shown  in  Figure  B-16,  was  developed  to  re- 
place the  spectrum  analyzer.  This  monitor  is  similar  to  the  one 
developed  for  bearing  faults,  except  the  counter  circuit  used  to 
eliminate  noise  and  spurious  signals  was  not  optimized.  The  de- 
modulated vibration  signal  is  provided  to  the  RMS-to-DC  converter 
and  peak  detector.  The  DC  output  of  the  RMS  and  peak  detector 
is  ratioed  and  compared  in  the  comparator,  which  activates  the 
fault  indicator. 

B-2.2  Results 


The  data  presented  was  obtained  from  the  two  B&K  Model  4344  accel- 
erometers located  on  the  42-degree  gearbox  during  the  first  test 
block  of  the  Removal  Confidence  Test.  The  spectral  plots  of 
Figures  B-17  to  B-23  taken  at  the  output  of  the  phase  lock  loop 
show  that  the  gear  mesh  fundamental  is  frequency  modulated  by  the 
one-per-revolution  of  the  gear  shaft  frequency.  The  gear  implanted 
during  these  test  runs  failed  after  90  hours.  The  plots  show  a 
generally  increasing  sideband  energy  level  as  the  test  progresses. 
Presumably,  the  condition  of  the  gears  was  rapidly  deteriorating 
during  this  period.  The  decrease  in  sideband  signal  at  90  hours 
probably  indicates  that  the  gear  was  broken  by  this  time,  with 
consequent  change  in  the  signal  spectrum.  The  gearbox  was  still 
transmitting  power  when  the  test  was  stopped  and  the  broken  gear- 
discovered  . 
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The  tests  to  date  have  been  limited  to  the  42-degree  gearbox  be- 
cause of  time  available.  Comparable  42-degree  gearbox  data  was 
limited  because  many  of  the  test  tapes  from  the  diagnostic  pro- 
gram were  not  available,  having  been  delivered  to  AVSCOM  or 
Airesearch  or  MTI.  Those  available  provided  limited  data  because 
of  the  different  accelerometers  installed  that  consequently  limit- 
ed the  vibration  signal  comparison.  As  a result  the  signal  com- 
parator ratio  was  not  finalized  or  a noise  elimination  circuit 
developed  as  presented  with  the  bearing  circuit  monitor. 
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Demodulated  signal  spectrum  - 42  gearbox,  t=45  hours 


Figure  B-19.  Demodulated  signal  spectrum  - 42  gearbox,  t=6Q  hours 
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C-l.O  INTRODUCTION 

This  Appendix  presents  the  fault  logic  diagrams  for  the  major 
mechanical  systems  installed  on  the  UH-IH  and  AH- IG  helicopters. 
The  diagrams  isolate  to  the  most  probable  failure  mode  and  define 
the  necessary  inspection  procedure  and/or  line  replaceable  unit 
(LRU)  replacement.  The  information  provided  covers  only  one 
system  where  redundant  systems  are  installed  on  the  AH-IG,  such 
as  the  dual  hydraulic  and  the  dual  stability  augmentation  system. 
The  UH-lH  and  AH-IG  logic  are  shown  on  separate  diagrams  for 
clarity,  even  though  in  some  cases  the  systems  are  identical. 

C-2.0  LOGIC  DIAGRAMS 


C-2.1  UH-IH  Logic  Diagrams 

The  logic  flow  diagrams  for  the  UH-lH  subsystems  are  included  in 
the  figures  noted  as  follows; 


C-1 

Engine  Control  and  Lubrication 

C-2 

Transmission  Lubrication 

C-3 

Engine  Start  and  Battery 

C-4 

Main  Generator 

C-5 

Standby  Generator 

C-6 

AC  Inverter 

C-7 

Fuel  System 

C-8 

Hydraulic  System 

C-9 

Speed  Warning 

C-2. 2 

AH-IG  Logic  Diagrams 

The  logic  flow  diagrams  for  the  AH-IG  subsystems  are  included  in 
the  figures  noted  as  follows: 

C-10  Engine  Control  and  Lubrication 

C-11  Transmission  Lubrication 

C-12  Fuel  System 

C-13  Engine  Start  and  Battery 

C-14  Main  Generator 

C-15  AC  Inverter 

C-16  No.  2 Hydraulic  System 

C-17  SAS  Pitch  Channel 

C-18  Gun  Turret  Position 

C-19  Environmental  Control  Unit  (ECU) 

C-20  Speed  Warning 

C-3.0  TEST  POINTS  AND  PARAMETERS 

Each  monitored  parameter  has  been  symbolized  and  assigned  a test 
point  on  the  logic  diagram  for  ease  of  identification  and  commu- 
nications. Tables  C-I  and  C-II  identify  the  parameter  symbols, 
the  test  points,  and  the  availability  of  sensors  to  detect  the 
associated  parameters.  The  requirement  for  new  sensors  in 
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addition  to  those  available  on  the  aircraft  or  proposed  by  the 
AIDAPS  hardware  developer  were  kept  to  a minimum.  To  adequately 
monitor  some  systems,  however,  new  sensors  or  taps  from  existing 
sensors  are  required. 


C-4.0  MAINTENANCE  MESSAGES 

System  failures  or  maintenance  instructions  are  identified  on 
the  logic  diagrams  by  maintenance  message  numbers.  Tables  C-III 
and  C-IV  list  the  UH-IH  and  AH-IG  message  numbers  in  sequence 
with  the  associated  messages  describing  the  required  maintenance 
actions.  In  cases  where  the  messages  indicate  an  inspection 
requirement  or  choice  of  LRU  replacements,  the  appropriate 
Technical  Manual  troubleshooting  or  inspection  procedures  are 
to  be  used  for  final  fault  isolation. 
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Figure  C-8.  UH-IH  hydraulic  system  logic. 
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Figure  C-15.  AH-IG  AC  inverter  logic ^ 
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Figure  C-18.  (Concluded) 
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NOTE  1:  USE  MS  TEMPERATURE  BULB  IN  DUCT  ADJACENT  TO  SYSTEM 

CONTROL  SENSOR 


Figure  C-19.  AH-IG  environmental  control  unit  (ECU)  logic, 
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TABLE  C-IIl.  UH-IH  AIDAPS  MAINTENANCE  MESSAGES 


Message  No. 

Failures  and/or  Instructions 

U 1 

Inspect  and  classify  chips  in  the  accessory  gear- 
box and  No.  2 Bearing  Chip  Detectors.  Check  and 
clean  engine  oil  filter. 

U 2 

Inspect  and  classify  chips  in  the  accessory  gear- 
box and  Nos.  3 and  4 Bearing  Chip  Detectors. 

Check  and  clean  engine  oil  filter. 

U 3 

Inspect  and  classify  chips  in  accessory  gearbox 
chip  detector.  Clean  and  check  engine  oil  filter. 

U 4 

Inspect  and  classify  chips  on  No.  2 Bearing  Chip 
Detector.  Clean  and  check  engine  oil  filter. 

U 5 

Inspect  and  classify  chips  on  Nos.  3 and  4 Bearing 
Chip  Detector.  Check  and  clean  engine  oil  filter. 

U 6 

F^eplace  encjine . 

U 7 

Perform  special  overspeed  inspection  per  TM55- 
1520-210-20  and  perform  any  indicated  gas  path 
maintenance.  If  no  gas  path  maintenance  is  in- 
dicated perform  torque  topping  adjustments  per 
TM55-1520-210-20 . If  proper  topping  adjustments 
cannot  be  produced,  replace  fuel  control. 

- 

U 8 

1.  Inspect  IGV  rigging  or 

2.  Replace  fuel  control 

- 

U 9 

1.  Inspect  bleed  band  rigging  or 

2.  Replace  fuel  control 

U 10 

Replace  No.  2 bearing  seals 

U 11 

1.  Oil  level  low  or 

2.  Oil  lines  clogged  or 

3.  Adjust  or  replace  relief  valve  or 

4.  Replace  oil  pump 

- 

U 12 

1.  Clean  oil  strainer  on  No.  2 bearing  or 

2.  Replace  No.  2 bearing  seals  or 

3.  Replace  No.  2 bearing 

U 13 

1.  Clean  oil  strainer  - Nos.  3 and  4 bearing  or 

2.  Replace  seals  or 

3.  Replace  No.  3 or  No.  4 bearing  * 
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TABLE  C>11I.  (Continued) 


1 Message  No. 

Failures  and/or  Instructions 

U 

14 

1 . Check  for  FOD  blocking  fan  or 

2.  Replace  oil  cooler  blower 

L) 

15 

1.  Inspect  reduction  gearbox  or 

2.  Replace  thermo  by-pass  valve 

U 

lb 

Replace  EGT  thermocouple 

U 

17 

Clean  engine  oil  filter 

U 

18 

Perform  "excessive  engine  torque"  special  inspect- 
ion per  TM55-1520-2 10-20  for  torque  >73  PSl 

U 

19 

Same  as  U 18  for  torque  > bl  PSI 

U 

JO 

Same  as  U 18  for  torque  > 54  PSl 

U 

J1 

Same  as  U 18  for  torque  >50  PSI 

U 

•>  ■) 

Perform  "N2  overspeed  special  inspection"  per 
TM55-1520-210-20 

u 

23 

1.  Check  oil  cooler  and  lines  for  internal  block- 
age or 

■2.  Replace  xmsn  oil  cooler  thermal  bypass  valve  or 
3.  Replace  xmsn  oil  pump 

u 

24 

Secondary  effect  causing  xmsn  oil  temp  to  increase- 
check  vibration  printouts  and  chip  detector  for 
evidence  of  xmsn  internal  failure 

u 

25 

1.  Replace  or  adjust  relief  valve  or 

2.  Replace  oil  pump 

u 

2b 

Replace  or  adjust  relief  valve 

u 

27 

Clean  xmsn  internal  filter 

u 

28 

Clean  xmsn  external  filter 

u 

29 

1 . Replace  battery  or 

2.  Replace  battery  charger 

u 

30 

1 , , 

Replace  battery 

‘ » 

u 

31 

Hot  start  inspection 

u 

32 

Replace  Dus  control  relay 

208 


699-099-0J8 


tAtai  i 

UNr  0(  (ItVikiMKf  s*l  iiiU  Hus  IS 

K'  thr  ii‘st(u(idi*  Hit'  tiHr  tUiit 

1 

_ 1 

Messciqe  No, 


TAHLK  C-  I I 1 . (Cojitinued) 


Failures  and  or  Instructions 


u 

Replace  main  qen.  reverse  current  relay 

u 

14 

1.  Replace  qenerator  or 

2.  Replace  tield  relay  or 

1.  ReL'lvice  overvoltaqe  relay  or 

4.  Ai-ljust  fir  replace  voltaqe  requlatoi 

V 

1 . Replace  tield  relay  or 

2.  Replace  voltaqe  requlator  or 

Replace  qenerator 

V 

U> 

1.  Adjust  \'i'>lt.iiqe  requlati'>i'  in' 

Rej'luL'e  vjeneratoi' 

1 

^ 7 ; 

Replace  lei'erse  current  relay 

L 

' 8 

Replace  lu'n-essential  bus  ct>ntrol  relay 

V 

U) 

Replace  main  inverter 

U 

4 0 

Replace  spare  inverter 

1' 

4 1 

Replvvce  instrument  transtormer 

U 

42 

Replace  L/U  tuel  boost  pump 

11 

4 I 

Replace  L/H  flow  switch 

n 

44 

Replace  R/H  tuel  boost  pump 

LI 

45 

Replace  R/H  flow  switch 

U 

4o 

Replace  iiuinifold  pressure  transmitter 

H 

4 7 

Clean  tuel  filter 

LI 

48 

Replace  tuel  control  (pump  element) 

U 

4 4 

Replace  tuel  shut-off  valve 

LI 

50 

Replace  hydraul ic  pump 

LI 

51 

1.  Replace  hydraulic  shut-off  valve  or 

2.  Adiust  or  replace  relief  valve  or 
i.  Replace  hydraulic  pump 

< U 

52 

1,  Replace  hydraulic  pressure  transmitter 

% 

2.  Replace  pressure  switch 

b‘)9- 

099-0J8 

1.  Adjust  or  replace  hydraulic  relief  valve  or 

2.  Replace  hydraulic  pump 

Replace  hydraulic  press  switch 
Adjust  or  replace  relief  valve 
Clean  hydraulic  filter 

Replace  speed  warning  system  control  box 
Replace  low  RPM  audio  switch 
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TA*BLE'C-IV.  AH-IG  AIDAPS  MAINTENANCE  MESSAGES 


Message  No. 


Failures  and/or  Instructions 


Inspect  and  classify  chips  in  the  accessory  gearbox 
and  No.  2 Bearing  Chip  Detectors.  Check  and  clean 
engine  oil  filter. 

Inspect  and  classify  chips  in  the  accessory  gearbox 
and  Nos.  3 and  4 Bearing  Chip  Detectors.  Check  and 
clean  engine  oil  filter. 

Inspect  and  classify  chips  in  accessory  gearbox  chip 
detector.  Clean  and  check  engine  oil  filter. 

Inspect  and  classify  chips  on  No.  2 Bearing  Chip 
Detector.  Clean  and  check  engine  oil  filter. 

Inspect  and  classify  chips  on  Nos.  3 and  4 Bearing 
Chip  Detector.  Check  and  clean  engine  oil  filter. 

Replace  engine. 

Perform  special  overspeed  inspection  per  TM55-1520- 
221-20  and  perform  any  indicated  gas  path  mainten- 
ance. If  no  gas  path  maintenance  is  indicated  per- 
form torque  topping  adjustments  per  TM55-1520-221- 
20.  If  proper  topping  adjustments  cannot  be  pro- 
duced, replace  fuel  control. 

1.  Inspect  IGV  rigging  or 

2.  Replace  fuel  control 

Inspect  bleed  band  rigging  or 
2.  Replace  fuel  control 

Replace  No.  2 bearing  seals 

1.  Oil  level  low  or 

2.  Oil  lines  clogged  or 

3.  Adjust  or  replace  relief  valve  or 

4.  Replace  oil  pump 

1.  Clean  oil  strainer  on  No.  2 bearing  or 

2.  Replace  No.  2 bearing  seals  or 

3.  Replace  No.  2 bearing 

1.  Clean  oil  strainer  - Nos.  3 and  4 bearing  or 

2.  Replace  seals  or 

3.  Replace  No.  3 or  No.  4 bearing 
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TAIUiK  C-IV.  (Continuod) 


L Messayt'  No. 

Failures  and/or  Instructions 

A 

H 

1.  Check  lor  FOl)  blockinq  fan  or 

2.  Ueplace  oil  cooler  blower 

A 

I'l 

1.  Inspect  reduction  qearbox  or 

2.  Ueplace  tliermo  by-pass  valve 

A 

)(> 

Ueplace  KC.T  thermocouple 

A 

1 / 

Cle.in  enqino  oil  filter 

A 

1 H 

I’erform  "excessive  onqine  torque"  special  inspect  ioi\ 
p('i  'rM9^>- 1 '>20-221-20  for'  torque  ^71  PSl 

A 

1 '> 

Sanu'  as  A 19  f(.>r  torque  ^ oJ  I'Sl 

A 

2 0 

S.rmi'  as  A 19  for  torque  > L>‘1  I’Sl  | 

A 

2 1 

Same  as  A 19  1 i>r  torque  > 50  PSl 

A 

22 

Perlorm  "N2  overspeed  special  inspection"  per  TM55- 
1 520-221-20 

A 

2 ! 

XMSN  oil  cooler  leak 

A 

2-J 

oil  cooler  blower 

A 

,r) 

XMSN  oil  cooler  t hi’rmo-val  ve 

A 

2() 

Irrteirral  XMSN  dam.iqe  - rrraqnetic  rnat'l  - classify 
debris  ort  chip  dt>tecti>r  per"  TM55- 1 520-22 1-20 

A 

2 7 

Intern. rl  XMSN  datrraqe  - rron  rrraqnelic  nrat'l  - check 
purtrp  screen  and  filters 

A 

2« 

XMSN  oil  pressvtre  relief  v.ilve 

A 

29 

1.  XMSN  oil  pitnrp  or 

2.  XMSN  oil  cooler  by-|jass  valve  or 

1.  XMSN  oil  pressure  relief  valve 

A 

U) 

Inter  rr.il  XMSN  filter-  by-pass  - clean  filter  .rnd 

1 luslr  rrystem 

A 

1 1 

F.xtern.rl  XMSN  filter-  by-pass  - repl.ice  filter 
t>l«>n\(>trf  arrd  flush  system 

A 

12 

t • • 

U/li  fiu'l  booMt  pump 

A 

1 1 

l,/ll  fuel  borrst  pump 
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TAHLK  C“IV.  (Cunt.  ituuM) 


Mossaqo  Nt) . 

Kai lures  and/or  Instructions 

' 

A 

Fuel  1 liter  A 1’  switch  on  - clean  tilt<M 

A 

I'm' t ci'iitri'l  (pump  element) 

A 

Ui 

I'vu'l  shut-ol  1 valve  closed 

- 

A 

tv 

H.it  t I'ry 

A 

IH 

Ik't  start  - perlorm  sp<'cial  inspi'ct  ion  p»'i 

TMSS-  1 S,’0-J^  I-VO 

A 

!» 

1 

1 . r,enei  at  or  oi  ! 

. !■'  i e 1 d ! «'  1 a'>'  oi 

t . \'o  1 1 aae  i t'vui  l.it  oi 

A 

4 0 

Ki'vei  se  i.'uri  ent  la'lay 

A 

4 1 

1 . Itus  control  n'lay  oi 
. Kevei  se  current  relay 

A 

4 

I.  Invt'iter  control  relay  oi 

J.  Invi’itei  relay  or 

t.  'I'liermo  switcli  tn 

4.  Main  inv<'rter 

A 

4 1 

Main  inverter 

A 

4 4 

.'tpare  inv'erti'r 

A 

4'> 

Instrument  t lanstormer 

A 

4(> 

Hydraulic  pump  No.  V (compensat or ) 

-- 

A 

4 ; 

Hydraulic  pump  No.  2 (hiuh  case  drain) 

- 

A 

4 !t 

Hydraulic  system  No.  2 inlet  tiller  impendimi  by- 
pass 

A 

4» 

Hydi.iulic  system  No.  2 return  tilter  impendino  by- 
pass 

A 

so 

1.  Hydraulic  pump  No.  2 oi 

2 . He  1 i e t va 1 ve 

A 

S 1 

1.  tt»,'AS  piti'li  ^'hannol  hydraulic  shut -ol  1 -va  1 vi' 
(solenolil)  or 

2.  Hi’AS  I'ont  rol  panel 

.'1  ( 


3Ed 
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TABLE  C-IV.  (Concluded) 


I Message  No. 

Failures  and/or  Instructions 

A 

52 

SCAS  pitch  channel  hydraulic  shut-off  valve 

A 

53 

1.  SCAS  pitch  motion  transducer  (shorted)  or 

2.  Sensor  amplifier  unit 

A 

54 

SCAS  pitch  motion  transducer  (open) 

A 

55 

SCAS  pitch  actuator 

A 

5(1 

SCAS  sensor  amplifier  unit 

A 

5 7 

Armament  system  hydraulic  shut-off-valve 

A 

58 

Gun  turret  electronic  control  box 

A 

59 

1 . Turret  azimutl(  servo  valve  or 

2,  Turret  azimuth  hydraulic  motor  or 

3.  Turret  azimuth  position  resolver 

A 

bO 

1.  Turret  elevation  servo  valve  or 

2.  Turret  deviation  hydraulic  actuator  or 
f.  Turret  elevation  position  resolver 

A 

bl 

1.  ECU  pressure  regulator  and  shut-off  valve  or 

2.  ECU  air  distribution  valve  or 

3.  ECU  overheat  switch 

A 

()2 

1 . ECU  control  sensor  (open)  or 

2.  ECU  control  box  (low  limit) 

A 

0 3 

1.  ECU  control  sensor  (short)  or 

2.  ECU  control  box  (high  limit)  or 

3.  ECU  add  heat  valve 

A 

b4 

Ma  jor  ECU  failure  - chec)<.  : 

A.  Ram  air  circuit 

B.  Temperature  control  circuit 

C.  ECU  turbine 

D.  Reheater  circuit 

A 

0 5 

Replace  speed  warning  system  control  box 

A 

b6 

Replace  low  RPM  audio  switch 

i 
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D-l.O  INTRODUCTION 


UH-lll  and  All-10  helicopter  environmental  data  in  the  installation 
areas  of  the  prototyv^e  AIDAPS  Data  Acquisition  Unit  and  Computer/ 
Tiipo  Recorder  was  provided  per  Airesearch  request.  Airesearch 
personnel  indicated  that  in  the  UH-IH,  both  units  would  bo  located 
in  the  forward  upper  area  of  the  heater  compartment  and  in  the 
All-lO,  one  or  both  units  would  be  installed  behind  the  pilot,  or 
in  tlie  tailboom  just  forward  of  the  horizontal  stabilizer.  The 
equipment  is  desiqned  to  meet  the  MIL-E-5400,  Class  2 environment 
for  operation  in  both  aircraft  and  helicopters.  Airesearch  per- 
sonnel also  indicated  that  the  equipment  will  be  tested  usincj  the 
wuidolines  of  MlL-STD-810. 


D-2.0  TEMPERATURE  ENVIRONMENT 

D-2. 1 Measured  Temperatures  in  the  AH-1(.  Helicopter  Tailboom 

A t:ailb>.)om  temperature  survey  was  conducted  on  an  AH-IC.  fliqht 
test  aircraft  at  the  BUT  fliqht  test  facility.  Internal  tailboom 
temperatures  were  recorded  at  the  followinq  positions  shown  in 
Fiqure  D-1. 


TC# 


Fuselage  Location 


1 

2 

1 

4 


Station  275  0 tail  break 
Station  318  0 second  tailboom  bulkhead 
Station  340  0 third  tailboom  bulkhead 
Station  360  0 fourth  tailboom  bulkhead 
Station  381  0 fifth  tailboom  bulkhead 


The  helicopter  was  parked  in  the  sun  for  two  hours  before  fliqht. 
A test  flight  was  conducted  in  bright  sunlight  and  low  altitude. 
The  flight  profile  and  temperatures  measured  are  as  follows; 

Profile  Temperature  in  ^^F 
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a nd 

no 

cooling  problem  is  anticipated  at  this  location.  No  temperature 
data  is  available  for  the  upper  heater  compartment  in  the  UU-lH 
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helicopter;  however,  there  are  various  avionic  installations  in 
this  area  in  BUT  commercial  model  configurations  with  no  apparent 
I cooling  problems. 

I D-3.0  VIBRATION  ENVIRONMENT 


The  principal  sources  of  sinusoidal  excitation  below  500  Hz  for 
the  UH-lH  and  AH-lG  are  identical  and  listed  in  Table  D-I.  The 
equipment  design  should  avoid  resonance  within  + 10%  of  these 
frequencies.  Two  or  more  sources  may  produce  nearly  the  same 
frequency,  such  as  the  main  rotor  10/rev  and  tail  rotor  2/rev. 

These  closely  spaced  frequencies  are  not  distinguished  in  the 
enclosed  data.  Gunfiring  frequencies  are  not  listed  in  Table  D-I, 
because  the  filters  used  in  the  available  data  smeared  the  pre- 
dominant peaks  into  a broad  band  spectrum. 

I’igures  D-2  and  D-3  show  the  acceleration  vs.  frequency  data  foi 
the  AH-IG  behind  the  pilot  and  in  the  tailboom  forward  of  the 
elevator.  I’icjure  D-4  shows  the  data  for  the  UH-lH  heater  compart- 
ment. The  diamonds  designate  values  below  which  99%  of  the  har- 
monic data  fall.  Firing  data  from  two  sources  is  presented  in 
Figures  D-2,  D-3,  and  D-4.  Figure  D-4  presents  a discontinuous  fir- 
ing envelope  which  indicates  that  the  firing  did  not  change  the 
low  frecjuency  steady-state  spectrum.  Figure  D-5  presents  a com- 
posite of  the  combined  environments  of  Figures  D-2,  D-3,  and  D-4, 
The  curv'es  do  not  distinguish  direction;  fore  and  aft,  lateral 
and  vertical  are  combined. 

Test  procedures  following  the  guidelines  of  MIL-STD-810  are 
recommended  substituting  the  "BHT  recommended"  curve  of  Figure  D-5 
for  Figure  514.1-3  of  MIL-STD-810B,  Notice  4.  The  test  curve  of 
Figure  D-5  assumes  that  tests  at  a given  harmonic  must  be  at  a 
higher  level  than  the  filtered  data  since  other  harmonics  are 
present.  The  "BHT  recommended"  line  was  developed  as  the  99%  value 
for  the  harmonic  plus  half  the  sum  of  the  other  harmonics.  For 
gunfirinq,  10  harmonics  of  + 0.5g  are  considered  simultaneously 
present.  The  sweep  tests  of  MIL-STD-810  are  considered  adequate 
to  cover  the  gunfire  vibration  environment. 

Recommended  modifications  to  MIL-STD-810;  Method  514.1,  Vibration; 
Paragraph  4,  Test  Procedures;  are  as  follows: 

4.1  Test  item  operation  - In  the  event  of  component  fail- 
ure during  testing,  considerations  for  repeating  the 
entire  test  sequence,  or  portions  of  the  test  sequence, 
shall  be  made  by  the  contracting  agency  prior  to  re- 
placement or  repair  of  the  component  and  resumption  of 
testing . 

4.5.1  Sinusoidal  vibration  tests  - Perform  the  same  test  in 
the  three  principal  directions. 
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4. 5. 1.1  Resonance  search  - May  be  omitted  unless  required  for 
design  information  purposes. 

4. 5. 1.2  Resonance  dwell  - Substitute  harmonic  dwell  at  the 
marked  (diamond)  frequencies  at  the  level  of  the  "BUT 
recommended"  curve  of  Figure  D-5  for  a duration  of  20 
minutes  along  each  axis. 

4. 5. 1.3  Cycling  - Follow  the  "BHT  recommended"  curve  of  Figure 
D-5  for  a duration  of  1.5  hours  along  each  axis. 
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Figure  D-1.  Thermocouple  fuselage  locations 


TABLE  D-I 

UH-IH  AND  AH-IG  VIBRATION  SOURCES 


Main  Rotor  Speed;  324  RPM 


Source 

_____ 

Frequency 

(H?:) 

Fundamental 

5.4 

2/rev 

10.8 

4/rev 

21.6 

6/rev 

32.4 

1 

8/ rev 

43.2 

Main  Rotor' 

10/rev 

54 .0 

12/ rev 

64.8 

1 

14 /rev 

75.6 

Fundamental 

27.6 

2/rev 

55 . 1 

4/rev 

110.2 

Tail  Rotor 

6/rev 

165.3 

8/rev 

220.4 

Tail  Rotor  Drive  Shaft 

72 

Enqine  Shaft 

110 

Power  Turbine 

351 

Oas  Producer  (100%) 

( 

1 

419 
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i:-!.!)  IMl'i.AN')’  I’Airr  histohy  and  dkscui  i-t  ion 
K- 1 . 1 Pi'ovisicni,  Inspection  aiui  Clrai.iin>.)  Ol  I’ai'ls 

AVSCOM  pt  ov  idl'd  bearing  ainl  qoar  implant  camli ilati's  tliat  wi'i  t'  ri’- 
ioi'Lii  si'li'Ctod  from  overhaul  depots,  qathered  and  stored  in  the 
II. S.  Army  Headquarters  and  Installation  Activity  at  r.ranite  City, 
Illinois.  i'he  implant  camiidates  were  ins[)ected  and  qraded  by 
Ilirr  personnel  and  installeil  in  transmissions  ami  qcarboxes  at  the 
birr  ti  .insmission  tost  laboratory  for  diaqnostic  and  [noanostic 
data  collection  and/or  validation  as  fliqht  test  candiilates  1 or 
t he  AinAl’h  lliqlit  test  ilatii  collection  eftort  at  I'ort-  Kuckej-, 
Alabama.  i'tu'  technical  ijuantitative  qradinq  system  is  piesented 
in  the  body  ot  tliis  report  and  was  developed  from  the  undetstand- 
inq  >'l  till'  non-t  echn  i cal  qualitative  qradimi  ilevelopeii  and  liis- 
cussi'd  duriiKi  tlu'  initial  AIDAP.S  co-oi  ilinat  ion  nu'etinqs.  i’lu' 

<]ua  1 i t a t i v'o  qradinq  system  was  used  at  Fort  Rucker,  Alabama,  as 
described  in  the  U.S.  Aimy  Test,  Board  Project  No.  4-FS-()4‘i-AI)S- 
iH'J , "Fliqht  Bata  do  1 loi't  ion  Phase  Final  Report,"  dated  No\'embei 
I'i'k,  The  qradinq  system  defines  t Ciur  cateqciries: 


>.',11  eqoi  y 


• I 


A 


II 


II 


B 


II 


II 


(I 


B 


II 


Bescription 

Parts  which  meet  serviceability  requ  i i emeiit  s 

Parts  at  or  just  over  the  overhaul  rejection 
criteria  but  considered  tliqhtworthy  lAii  testinq 
purposes 

Parts  beyond  the  overhaul  reiection  criteri.i  but 
considered  fliqht  worthy  for  testinij  purposes 

P.irts  well  beyond  the  overall  rejection  criteria 
and  not  considereil  tliqhtworthy. 


i:-  1 . ,1  Opi'i  at  i luj  bimitations 

Burinq  the  t 1 iqht  test  data  ri'diiction  eflin't,  AV.St’BM  issued  thiity- 
hour  (liqlit  reieiiscs  lot  implants  in  cateqoiies  "A,"  "B,  " and  " 
AltlK'uqh  the  lliijht  rele.ise  was  lor  thirtv  hours,  BUT  i econuiicndcd 
to  the  I'ort  Rucker  personnel  t.hat,  the  implants  be  limited  to  live 
hours  ot  test  oper.itions  between  inspections.  It  was  also 
lecomiiu'iuh'd  that  qear  implants  be  maqnafluxcd  and  insfu'cted  tor 
cracks  in  the  qear  teeth  in  and  adjacent  to  the  scorinq  damaqe . 

'I'he  inspi'Ction  was  repeateil  al  tei"  every  l ive  houi  s ot  ti'st  oper- 
ation. Fivi'  hours  providoil  sufficient  time  for  a ma  i ntenanci' 
tiedown  run,  maintt'nance  check  I liijht  ami  a d.il.i  ri'duction  1 1 iqht  . 


The  impl. lilts  in  Cateqory  "B"  wore  recommended  by  BUT  for  ci' 1 1 test 
use  only.  AVSCBM  issued  a release  to  Fort  Riicki'i  for  t lu'  "B" 
cateqory  implants  to  be  installi'd  in  qearboxes  and  transmissions 
toi  qround  run  and  t iedown  dpi'iations  diiiimi  t lu'  t iiqhl  test  data 
ri'duction  I'ttort.  Soiiu'  t’ateqory  "B"  implants  weie  selected  by 
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AVSCDM  loi'  flight  release  durinq  the  AIDAPS  prototype  fliijht  test 
ettort,  apparently  baseii  on  the  experience  qained  durinq  the 
t liqht  test  data  collection  effort  and  the  preliminary  results  oi 
the  Kemoval  Limit  Confidence  Test  presented  to  AVSCOM  in  HUT  Letter 
8 1 : JV'll : bw-4  2 5 , dateti  14  April  I4  7l>. 

Implant  part  numbers  HllC-05i,  -085 , and  -J22  are  hanqer  beariiujs. 
These  parts  Cctnnot  be  inspected  prior  to  operation  because  they 
are  sealed  bearinqs  which  must  be  cut  apart  for  inspection.  As 
a result,  these  bearinqs  were  oi>erated  for  data  collection  pur- 
poses at  Fort  Kucker,  and  then  cut  open,  inspected  and  classilieil 
as  "A,"  "B,"  "C,"  or  "D."  Keconmiended  operatinq  restrictions 
were  issued  on  tlie  implant  part  description  and  inspection  data 
sheets  for  the  hanqer  bearinqs  installed  on  the  UM-lll  AlDAl’S  test 
helicopters  as  follows: 

- Ciound  run  feilOOli  RPM  to  1 iqht-on-skids  condition.  Monitor 
the  bearint)  by  sound  ami  feel  for  excessive  vibration. 

- .Shut  down  and  inspect  the  bearinq  visually  for  slinqiiuj 
qrease  or  heat  (smoke  oi'  discoloration)  . 

- It  any  ot  the  above  conditions  are  noted,  the  helicoptei 
slunild  not  be  flown,  but  may  be  operated  on  tlie  tiedown  pat! . 

- Release  for  one-time  f liqht  if  vibration,  qrease  slinqinq 

or  heat  is  not  {>resent . Repeat  the  above  inspections  before 
leleiise  1 or  next  tlrqlit. 

K- 1 . 1 Implant  Installation 

Installation  notes  concernint)  the  bearinq  outer  race  defect 
orientation  and  the  installation  of  qear  sets  were  noted  on  the 
implant  part  inspection  and  description  data  sheets.  Most  ([ear 
sets  weri'  installed  with  a random  orientation  of  qear  teeth. 

Some  40-deqree  qearbox  implants  were  scored  on  every  tliiril  tooth 
and  the  matimi  teeth  were  mai'keil  for  installation  orientation. 

HllC  implant  part  numbers  01  h x 017,  028  i«  024,  011  («  0.14,  0 x 

0 57,  040  s 041  , 044  f.  04t>,  044  t.  051,  064  \ 075,  070  & 071,  07J  x 

07  5 , 101  \ 102,  104  x 1 06,  111  i.  112,  115  *.  114,  115  Il6,  127  \ 

1 28  , 1 50  1 5 1 , 1.5  4 X 1 55  , 1 56  s 1.5  7 , 1 58  }«  1.54  were  operatetl  as 

set  :! . 

K- 1 . 4 Implant  Requirements  and  Degradation  I'rovisions 

The  AIDAPS  hardware  developer  recjuired  implants  in  the  upper 
limit  to  "0"  category  decjradation . The  parts  collected  from 

t lu'  oveihaul  facilities  were  mostlv’  in  the  "R"  cateijory  degraiLt- 
tion;  however,  a sufficient  number  of  gear  candidates  in  the  "D" 
category  were  availitble.  A qre.it  amount  ol  time  was  dedic.iteil 
durinq  the  subject  program  to  ar  t i f ici.il  1 v'  ileqradinq  bearing  im- 
plants and  validating  them  in  tiu'  HUT  test  cell  in  ordei  to 
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vi(.li>qiKitoly  support  the  l liqht  tost  data  col  loot  iou  offoi't  conducted 
by  the  AIDAPS  hardware  developer  at  Fort  Rucker.  It  was  found 
thro'ujh  experimentation  tliat  artificial  spalls  could  be  simulated 
in  i.  bearing  elements  by  a vibro  etcliing  tool.  The  data  from 
comparal)le  artificially  and  naturally  degraded  bearings  verified 
that  the  sitjnatures  were  similar.  The  MAIC  pro<iram  described  in 
Appendix  F was  conducted  to  supply  fatigue-induced  defective 
bearings  for  use  in  the  prognostic  testing  conducted  at  BUT. 

Implant  part  numbers  BHC-117  through  HliC-120  were  reserved  tor 
implants  provided  to  Fort  Rucker  by  AVSCOM  tlirough  Parks  College, 
i-’ahokia,  Illinois.  The  implants  provided  were  two  204-040- Hi) 
s\.in  gears  and  oite  204-040-700/701  input  pinion  and  gear  set.  All 
wiMC  ar  ti  f icii\l  ly  degraded  by  grinding  grooves  near  the  pitcli  line 
in  the  gear  tooth  face.  BUT  personnel  inspected  these  gears  at 
Fort  Rucker  and  reported  to  AVSCOM  in  Monthly  Progress  Report 
No.  2b,  (July  1975)  that  "--this  metliod  of  artificially  ilegrading 
gears  is  not  indicative  of  a natural  fault,  and  sliould  not  be 
used  for  evaluating  diagnostic  signature  data."  Because  the 
artificial  degradation  does  not  simulate  a natural  fault,  these 
implants  are  not  documented  in  this  appendix. 

F.- 1 . 5 Documentation  and  Operating  History 

Implant  part  inspection  and  data  sheets  documented  the  implants 
dui'imi  the  AIDAPS  testing  as  outlined  in  the  body  of  the  report. 

'I’he  picture  descriptions  and  operating  histories  of  the  bearing 
and  (lear  implants  provided  by  BUT  are  presented  in  Figures  F-l 
tlirough  H-158.  Except  for  hanger  bearings,  the  photografJis  show 
the  initial  condition  of  the  implant.  However,  in  most  cases, 
there  was  negligible  change  in  the  condition  of  tlie  implant  tiuring 
its  installation  history.  Hanger  bearings  must  be  cut  ai>art  in 
ortier  to  be  inspectotl,  and  therefore  are  shown  at  the  einl  til 
their  installation  history.  Some  of  the  hanger  bearings  were  not 
inspected,  in  which  case  no  photograph  is  available. 

In  reviewing  Figures  F,-l  througli  E-158,  it  may  bo  noted  that  stmie 
numbers  are  missing  from  the  implant  numbering  st'guence . Numbei  s 
BHC-117,  -118,  -119,  and  -120  are  not  included,  as  noted  in  I'ara- 
(iraph  i;-1.4  above.  Similarly,  numbers  BHC-107  and  -108  were  pro- 
vided to  the  Test  Boanl  for  assignment  to  hanger  bearing  inif'lants 
at  Ft.  Rucker,  and  are  therefore  not  included  herein.  Finally, 
certain  numbers  were  never  used  for  a variety  of  reasons.  i’lie 
unused  BHC  series  numbers  are  -045,  -Obb,  -100,  -121,  and  -125. 
Other  AIDAPS  implants  which  arc  not  describeil  in  this  report  are 
the  "AID"  (Lycoming)  series  and  the  "ATB"  (Test  Board)  series. 
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Figure  E-131 
Implant  MAIC-007 

Bearing  P/N  204-040-310,  P/N  100446 
~ ‘ “ "C"  Outer  Race  Spa 


Fatigue  Induced  Categor 


Installation  History 


Test 

Hours 

Remarks 

91.8 

Removal  Limit 

90.1 

102.0 

Confidence  Test 

283.9 

Total  Time 
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Figure  E-132 
Implant  I^IC-0?S 
aring  P/N  '2U4-040-310 
inducea  Category  "D” 


Test 

Hours 

Remarks 

91.8 

Removal  Limit 

90.  1 

Confidence  Test 

102.0 

5.0 

Prototype  Testing 

1.0 

Prototype  Testing 

289.0 

Total  Time 
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Im^jlant  MAIC-010 

Dali  Bearing  P/N  204-040-143,  S/N 

1920D 

Fatigue  Tndiced  Category  "D"  Ball 

Spall 

Installation  History 

Removal  Limit 

Confidence  Test 
Prototype  Testing 
Prototype  Testing 

Prototype  Testing 
Total  Time 
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Implant  MAIC-011 


Ball  Hearing  P/N  204-040-143,  S/N  11 7 5K 


Fatigue  Induced  Categor 


Inner  Race  Spall 


Installation  History 


Test 

Hours 


Remarks 


Removal  Limit 
Confidence  Test 

Prototype  Testing 

Prototype  Testing 

Prototype  Testing 

Prototype  Testinu 
Prototype  Testing 
Total  Time 
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Fatigue  Induced  Category  "D"  Inner  Race  Spall 


Installation  History 
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Implant  MAIC-021 


Fatigue  Induced  Category  "D"  Inner  Race  Spall 


Installation  History 
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Implant  MAIC-022 


S/N  H701 


Inner 


Fatigue  Induced  Categor 


Installation  History 


(Never  Tested) 
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Fatigue  Induced  Categor 


Installation  History 
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Figure  E-150 


Implant  MAIC-026 


Ball  Bearing  P/N  204-040-143,  S/N  4 0 9 H 


Fatigue  Induced  Categor 


Inner  Race  Spall 
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Implant  MAIC-028 


Ball  Bearinq  P/N  204-040-143  S/N  33337 


Fatigue  Induced  Category  "D"  Inner  and 
Outer  Race  Spall 
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Implant  MAIC-032 


Ball  Bearing  P/N  204-040-424,  S/N  22890 


C"  Outer  Race  Spall 


Fatigue  Induced 


Installation  History 


(Never  Tested) 
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n"  Inner  Race  Pit 


Installation  History 


(Never  Tested) 
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i; - .? . (1  IMruOPl’K  INSTALLATION  TESTS 
K“2.1  Ail  t.'.soarch  I'roposal 

Ai rosoarc'h  Manul  actur  inq  Company  documont  " I’ropoHoii  MaintcMianro 
InsLaJIation  Miron  Tosts,"  28  A[iril  .187'),  was  rocoivod  at.  HUT 
irom  AVSCOM  Cor  review.  The  document,  provided  an  estimate  tor  a 
Li'st  eCCort  to  evaluate  the  vibration  si<)natures  ot  specilied 
maintenance  installation  errors  and  their  detectability  l)y  tlie 
AlbAl’S  vibration  system.  The  proposed  tests  were  as  lOllows: 

M-2  . I . 1 Hanger  Hearing  Tests 

A . Moose  V-Hand 

I'esc'r  i pL  i on  o)  Ihror:  Moose  toiward  V-b.ind  at  two  levels 

ot  looseness. 

Moosi'  at  t V-band  at  two  levels  ot 
looseness . 

Namin' r ol  Tests:  •! 

NoLi':  Se|)aiMte  t Orward  and  alt  V-batul  I'rrors  are  planned 

b('('ause  ot  the  dit  Corence  in  coupling  design  at  t lu'St'  two 
locations.  Mirst  level  oC  looseness  is  detined  as  (he 
di'gri'e  ot  looseness  that  will  cause  pilot's  notice  thw'uuh 
the  pi'dal.  The  second  level  oC  looseness  is  detinev.1  as 
approx im.ite ly  one-halC  that  ot  tlu'  lirst  level. 

H . Moose  IMinger 

Description  ot  Mrror:  Moose  mounting  bolts  at  two  levels 

ot  looseness . 

Number  ol  Tests:  2 

Note:  'I’iie  definition  ol  lev'els  ol  loosi'iiess  is  the  same 

as  lor  "A"  above'. 

I ' . Improper  V-Hand  Installation 

Description  ot  Error:  Wrong  V-band  clamii  iir  i ent  at  i on  td'^’ 

instead  ot  80^) . 

Wroiuj  V-bami  clamp  bolt  direction, 

Numbt'r  ol  Tests:  2 

D.  Imp  repel  H>'ar  i ng  I nst  al  lat  ion 

Description  v'l  Krior:  Hearing  installed  backwaivls,  but 

coupling  I’oirectly  iiistalli'd. 
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Number  of  Tests:  1 

Note:  backward  bearing  may  cause  excessive  wear  on  cage 

due  to  the  latchet  action  developed  on  caiie  during  prior 
operation . 

t; . Improper  Coupling  Installation 

Description  of  Krror:  Coupling  installed  backwards,  but 

bearing  installed  correctly. 

Numl)er  of  Tests:  1 

Note:  Forward  coupling  is  flexible  and  the  aft  coupling 

is  rigid.  Reversal  of  couplings  may  have  adverse  effect 
on  beariiui. 

F.  Improper  Inner  Coupling  Installation 

Description  of  Error:  boose  inner  couplinti  clamping  on 

bearing  inner  race. 

Number  of  Tests;  1 

Note:  Loose  inner  couplings  clamping  on  bearing  inner 

race  may  cause  rapiii  wear  out  of  the  little  shaft. 

E-J . 1.2.  Short  Shaft  Tests 

A.  Loose  V-UatKl 

Description  i>t  Error:  Loose  V-band  at  both  the  tmward 

and  aft  couplings  ai4d  at  two 
levels  ot  looseness. 

Numi)er  of  Tests:  2 

Note:  The  tietinition  of  levels  of  looseness  is  the  Sana' 

as  described  in  Section  F..  2. 1.1. A. 

d . Misa  Lrgnmeiit 

Description  of  Error:  Improper  alignment  between  engine 

and  transmission,  at  two  levels  ot 
severity . 

Number  of  Tests:  2 

Note:  The  tlefinition  ot  the  levels  ot  misalignment  is 

similar  to  the  loo.seness  definition  per  Section  H-2.1.1.A. 
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C . Imt'ioper  V-band  Installation 

nescr  i pt  icii^  of  Prior:  Mismatchod  V-banil  halves. 

Wronq  V-baiid  clamp  orientation 
Wronq  V-bami  clamp  bolt  diri'ctioi: 
Nnmbcii  ol  Tests:  3 

I . 'I'a  i 1 Potoj'  Pdiitl  t Tests 
• Out  ol  Ihi  1 a nee 


beset  iption  ot  Hrror:  Impropt'r/excess  i ve  b>»lance  pat>.'h 

peelinq,  at  two  levels  ol  unbal- 
ance sev'ority. 

Numbi'i  ot  Tests;  2 

C-.'.I.l.  IJ-deqrei'  lU^arbox  Tests 


3 . l.c~»ose  I'loarbox 

beser iption  of  Hrror:  boose  mountinq  bolts  (all  bolts 

at  both  ejiiis)  at  two  levels  of 
looseness . 

Numbi'i  ol  Tests:  2 

NtOe;  The  definitittn  of  levels  ol  looseness  is  the 
.Svime  .ts  described  in  Section  K-2.1.1.A. 

i: - 2 . 1 . I Basel  int"  Data  Ce^llection 

Nvimbi'r  itl  Tests:  4 

i:-2.2  BUT  Review 


The  piiipctsed  tests  were  reviewed  by  BUT.  Review  coimnents  and 
Implaitt  Bart  Inspection  and  bescription  Data  Sheets  outlinittq 
"Improper  Installation"  procedures  required  to  conduct  tlte  proposed 
tostini)  wen'  submitted  to  AVSCbM  per  BUT  Letter  8 1 : d\’M  : peb- 1 30  , 
dated  1 1>  dune  19  75.  The  review  is  summaiized  as  follows: 

H-2  .2.1.  Haivier  Bearinq  Tests 

A.  lit'ose  V-Baiul  - Tlu’  Improper  Installation  proo'diuaui  .n  (> 
eonta ined  Tit  Piaiceduia^  BH('-II#2,  tlt'scr i be<l  lu'Jt'in  in 
Section  H-2.1. 

Note:  The  "looseness"  doscribt'd  in  the  Impropei  Instal- 
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lation  pi'oceduroH  is  quantified  by  halviny  the  torque 
requirements  and  then  going  to  zero  torque.  The  degiee 
of  looseness  that  will  cause  "pilot's  notice  through 
the  peiJals"  is  not  definable  at  this  time.  To  quantity 
this  as  a positive  measurement  wtiuld  require  a test 
ilesiqniHi  to  survey  a group  ot  helicopters  and  pilots. 

h.  hoose  Haiuier  - The  Improper  Installation  procedures 
are  out  1 ined  in  Procedure  BUC-llil,  tlescribed  lierein 
in  Sect  ion  H-2  . 3 . 

t’.  Imprc^per  V-Band  Installation  - Tl^e  Improper  Installation 
prticedui  es  are  outlined  In  Procedure  BHC-1I#2,  described 
l\erein  in  Section  2.3. 

I).  Improper  Bearing  Installation  - Not  reconunended  for 
testinc).  There  is  no  backward  bearing  installation. 

Note:  l>(.i  not  undei'st>ind  the  meaning  of  "ratchet 

action  developed  on  cage." 

f:.  Improper  Coupling  Installation  - Not  recommended  for 
test  iiig  . I f one  hanger  assembly  is  installed  back- 
waul,  it  is  impossible  to  attach  the  mating  drive- 
shafts.  If  all  hangers  are  installed  backwards  tlie 
coupling  at  tht'  transmission  tail  rotor  quill  will 
fail.  The  rigid  coupling  at  the  first  hanger  assembly 
does  not  allow  sufficient  misalignment  between  tlu' 
transmission  tail  rotoi'  quill  and  the  first  hanger 
assembly . 

K.  Improper Inner  Coupling  Installation  - The  Improper 

Ii\stallation  procedures  are  outlined  in  Procedure 
BllC-lIH,  described  herein  in  Section  K-2.3. 


i;- 2.2.2.  Short  .Shaft  Tests 

A.  boose  V-Band  - The  Improper  Installation  procedures  aie 
out  I ineii  In  BBC- 1 1 i 3 and  sunvmarized  in  Section 

B.  Misalignment  - Not  reconunended  for  test.  ' he  trans- 
mission  moves  relative  to  the  engine  during  flight 
operations.  On-board  instrumentation  to  measure  the 
misalignment  would  be  required.  Kxcessive  misaliijn- 
ment  causes  short  shaft  coupling  failuies. 

lmprt)j)er  V-Band  Installation  - Tue  Improper  Installation 
proced\ires  are  cnitl  i ned  Proceihiie  BBC-Ili3,  described 
herein  in  Section  K-2.3. 
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K- 2 . 2 . J 'I'a  i 1 Kotor  Shaft  Tests 

A.  Out  ()1  Ha  lance  - The  Improper  Installation  procetlures 
are  outlined  in  Procedure  BHC-IT((4,  described  heroin  in 
Section  K-2.3. 

K- 2 . 2 . I . 4 2 -detjrec  Oearbox  Tests 

A.  l,ot)se  Oioarbox  - The  Improper  Installation  procedures  art' 
out  1 i iied  in  Procedure  BHC-Il  #5,  described  herein  in 
Si?ction  l':-2.3. 

1 : - 2 . 1 Imp  1 ant  l \ i rt  Inspection  and  Description  Data  Sheet  Summary 

I'l'.e  "impiiiptM  Installation  Procedures"  retiuircd  to  conduct  t)ie 
"i  roptise.i  M.iintonance  Installation  Error  Tests"  submitted  to 
A'.Si'iiM  pel  BUT  better  8 1 : JVH : peb-1 30 , dated  16  dune  1875,  are 
; iminat  1 /I'd  ,is  follows: 

1.  - 2 . 5.1  Bllf  I I tl  1 - llanijcr  Assembly  P/N  204-040-1)00 
I n ; ta  1 I a t i on  Nottui/Recommendeil  Operatinu  Kesti' ict  ions  : 

TN-55- 1 520-2  1 0-20  for  i ns t.al  1 a t ion 
TM-5S- 1 ‘>20-2  1 0-  54  for  assembly 

(i[)t'rato  tielicopter  per  Profile  #14  of  the  Ai  research  Test 
1-1  an  7 3-'M')2  (Fiqure  E-158). 

Installation  A - Remove  attachment  bolts  and  separate  hamjer 
assembly  from  mount.  Install  hanger  assembly  with  25  to  35  in-lb 
ot  bolt  torque.  Record  bolt  torque,  hanger  assembly  S/N,  and 
ir.stal  latioit  position  on  helicopter. 

Installation  B - Remove  attachment  bolts  and  separate  hanger 
assembly  from  mount.  Install  hanger  assembly  snug  to  10  in-lb 
ot  bolt  torijUi'.  Record  bolt  torque,  hanger  assembly  S/N,  and 
installation  position  on  the  helicopter. 

Installation  C ~ Disassemble  the  hanger  assembly.  Install  the 
AN4il30  retaining  bolt  with  25  to  35  in-lb  of  torque.  Reccnd  bolt 
torque,  hanger  assembly  S/N,  and  installation  position  on  the 
helicopter . 

Installation  I)  - Disassemble  the  hanger  assembly.  Install  the 
AN4IM0  retaining  bi>lt  snug  to  10  in-lb  ol  torque.  Record  bolt 
torque,  hanger  assi'mbly  .s  N , and  installation  posit  ioir  otr  the 
he  1 icopt  et  . 
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l;-2.J.2  DHC-II#2  - Clamp  Assy  (TR  Driveshaft)  P/N  204-040-811 
Installation  Notes/Recommended  Operating  Restrictions; 
TM-55-1520-210-20  for  installation 

Operate  helicopter  per  Profile  #14  of  Airesearch  Test  Plan 
73-9492. 

Installation  A - Remove  one  clamp  assembly.  Install  clamp 
assembly  bolts  with  15  to  20  in-lb  torque  above  nut  friction. 
Record  torque,  driveshaft  and  clamp  position. 

Installation  B - Remove  one  clamp  assembly.  Install  clamp 
assembly  bolts  snug  to  10  in-lb  above  nut  friction.  Record 
torqui',  driveshaft  and  clamp  position. 

Installation  C - Orient  clamps  on  one  driveshaft  at  0°  instead 
of  90".  Record  driveshaft  tested. 

Installation  D - Install  four  bolts  on  one  clamp  assembly  and 
on  one  driveshaft  so  that  the  bolt  heads  are  trailing  the 
direction  of  rotation.  Record  driveshaft  tested  and  clamp 
pos  it  Lon . 

li^stallation  E - Install  two  bolts  (side  by  side)  on  one  clamp 
assembly  and  on  one  driveshaft  so  that  the  bolt  heads  are 
trailing  the  direction  of  rotation.  Record  driveshaft  tested 
and  clamp  position. 

E - 2 . 3 . 3 BllC-II  13  - Coupling  Set  (Short  Shaft)  P/N  204-040-71b) 
Installation  Notes/Recommended  Operating  Restrictions: 
TM-55-1520-210-20  for  installation 

Operate  helicopter  per  Profile  #16  of  Airesearch  Test 
Plan  73-9492  (Figure  E-160) . 

Installation  A - Remove  coupling.  Install  coupling  bolts  with 
40  to  60  in-lb  of  torque.  Record  driveshaft  tested  and  clamp 
pc^s  ition . 

Installation  B - Remove  coupling.  Install  coupling  bolts  snug 
to  10  in-lb  torque.  Record  driveshaft  tested  and  clamp 
position . 

Installation  C - Orient  couplings  at  0^  instead  of  90'^’. 

Record  driveshaft  tested. 

Installation  D - Install  one  bolt  on  one  coupling  so  that  the 
bolt  head  trails  the  direction  of  rotation.  Record  the  drive- 
shaft  tested  and  clamp  position. 
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Installation  E - Install  both  bolts  on  one  couiilinq  so  tliat 
the  bolt  hoad  trails  the  direction  of  rotation.  Record  the 
drivosh.tft  tested  and  clamp  jxisition. 

Installation  1-'  - Mismatch  one  couplincj  assembly  with  nKire  than 
1 . ‘jO  qrams  difference  between  couplinq  halves.  Record  coupline 
half  S/N ' s , delta  wei<iht  of  couplinq  halves,  driveshaft  tested, 
and  I'oupl  inq  positioit. 

K-Z  . t . •!  IUU--  I I _# 4_  - TR  Driveshaft,  P/N  204-040-020 

Installation  Notes/ Recommended  Operatinq  Restrictions; 

Itequires  a driveshaft  with  an  0 . 8- incli-lonq  (small) 
balance  strip 

Identify  the  test  driveshaft  as  an  AIOAPS  part  with 
orancfo  paint 

Ot^er.ito  helicopter  per  Profile  #14  of  Airesearch  Test 
Plan  73-9492. 

‘a-  3 of  the  driveshaft  drawing  requires  that  the  static 

0. 111rice  of  the  shaft  be  within  0.10  oz-in.  Peeling  one  0.8- 

1. nch-lonc(  balance  strip  introduces  a change  in  balance  of 
n.i44  oz-in.  Peeling  the  name  plate  introduces  a change  in 
balance  of  0.54  oz-in. 

Installation  A - Peel  one  0 . 8-inch-lonq  balance  strip  from  one 
shaft.  Record  the  weight  of  the  strip  in  ounces.  Strip 
weight  times  1.5  = change  in  balance  in  oz-in.  Record  the 
shaft  S/N  and  installed  position. 

Installation  B - Peel  the  name  plate  from  the  same  shaft 
useil  in  Installation  A.  Record  the  weight  of  the  name  plate 
in  ounces.  Strip  plus  nameplate  weight  times  1.5  = chancre  in 
)j<i  lance  in  oz-in.  Record  the  shaft  S/N  and  installed  position. 

- 2 . 3 . 5 BiiC-II  #5  - 42-Deqree  Gearbox,  P/N  204-040-003 

Installation  Notes/Recommended  Operating  Restrictions  ; 

TM- 55- 1 520-2 10-20  for  installation 

i j 

0[jcrate  helicopter  per  Profile  #14  of  Airesearch  Test  V 

Plan  73-9492  . ,| 

Installation  A - Remove  mounting  bolts  and  separate  gearbox  || 

from  mounts.  Install  gearbox  with  mounting  bolts  torqued  25  J 

t(^  35  in-lb.  Record  the  torque  and  gearbox  S/N  testi'd.  j 
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Installation  B - Remove  mounting  bolts  and  separate  gearbox 
from  mounts.  Install  gearbox  with  mounting  bolts  snug  to  10 
in-lb  of  torque.  Record  the  torque  and  gearbox  S/N  tested. 

E-2.4  Tiedown  Testing 

Improper  installation  maintenance  error  tests  were  conducted  at 
the  Fort  Rucker  tiedown  facility  with  helicopter  S/N  62-13360, 
(Bearcat  #13)  29  July  through  1 August  1975  as  outlined  in 
Table  K-1. 
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14.  TItis  l«‘M  profile  is  an  abbreviated  version  of  the  "Maintenatue  Run  foi  Tail 


Rotoi  Olive  liain  Implants."  with  the  addition  ol  a lii)ht  on  skids  sequeiue. 
Colleilive  I'ilih  is  Mat  lor  the  tiedown  I'ortion  ol  the  test.  Run  eai  h step  I oi 
minutes,  reioiilimj  duiiiu)  the  last  minute. 

Steii  l liuiine  i pm  - lliijht  idle 
Pedal  input  ~ neutral 
S l e t'  ^ : (inline  i pm  - O400 

Pedal  input  - full  ri^ht 


■'  (niiine  i pm  - 0400 

Pedal  input  - full  left  (i.e.,  to  left  pedal  stop  installed  for  tiedowni 
Stt^^M  f inline  t pm  - 6600 

Pedal  input  - lull  rioht 
$ t e , • ( -nilne  i pm  - 6600 

Pedal  input  - full  left 
Repeat  steps  I throiuih  5 three  times. 

Step  6 After  the  special  tiedown  equipment  has  been  renx'ved  I rcmi  the  ainialt, 
iiKiease  tint  i I the  airciaft  is  llqht  on  skids.  Keep  constant  toi  3 minutes, 
reioidinq  duiinq  the  last  minute. 

Step  7:  Repeat  step  6. 


Ourini]  each  of  the  above  recordinqs,  the  pilot  should  say,  "This  is  profile 


numl'ei  14,  run  number 


and  torque  is 


_,  step  number 


.,  N,  is 


is 


Fiqure  E-159 

Airesoftrch  Test  Profile  No.  14 
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16.  This  is  J ground  run  profile  (not  tied  down)  which  will  be  used  for 
vibrotion  d.ilj  collection.  The  nuximum  power  level  will  be  that  which  is  requiied 
lor  light  on  skids  (LOS ) operation.  6600  for  the  entire  test.  After  each 

of  the  6 N|'s  listed  is  attained,  hold  N|  steady  for  three  minute^  rctordi ng  during 
the  last  minute.  Omit  any  steps  which  will  exceed  LOS  operation. 

Step  I 


N|  “ 90‘)t' 
Step  ? 


N| 

" 9|‘t 

,Sle£. 

.t 

N| 

“ 92?' 

Step 

N| 

« 95-1. 

iLtU’. 

Ji 

N, 

U q4jt 

During  the  one  minute  recording,  the  pilot  should  say.  This  is  profile 
number  16,  step  numbei  . is  , and  torque  is  • 


I 


! 

\ 


li 


API’F.NDIX  F 

MAIC:  HFARINr,  DFORAPATION  PKOC.RAM 
TFST  CONDITION  ANALYSIS  AND  RIO  DFSION 


r 


fHICJUttliio  PiOB 


699-099-0 JH 


Ij*>«  or  dtsdosure  u<  Odlo  on  this  pdqf 
Subject  to  the  restriction  on  Ihr  tide  oaiif 


TABLE  OF  CONTENTS 


Pa^ 


P-1.0  INTRODUCTION 4 09 

P-2.0  BEARING  DATA 4 09 

P-3.0  ANALYSIS 409 

F-3.1  General  Approach 409 

F-3.2  Test  Variables  - Limiting  Factors 409 

F-3.2.1  Ball  Bearings 412 

F-3.2.1.1  Load  Limiting  Factors 412 

F-3.2. 1.2  Speed  Limiting  Factors....  412 

F-3.2. 1.3  Test  Program  Factors 412 

F-3.2. 2 Roller  Bearings 412 

F-3.2. 2.1  Load  Limiting  Factors 412 

F-3.2. 2. 2 Speed  Limiting  Factors....  412 

F-3.3  Test  Conditions  - Selection 413 

F-3.3.1  Ball  Bearings 413 

F-3.3. 2 Roller  Bearings 416 

E’-3.4  Proposed  Test  Conditions 416 

F-4.0  TEST  RIG  DESIGN  (MAIC  TASK  II) 416 

• 

F-4.1  Test  Rig  No.  1 416 

F-4.2  Test  Rig  No.  2 416 

F-4.3  Test  Rig  No.  3 416 


406 


699-099-038 


FOREWORD 
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a()pt()V('d,  exe(>|>t  for  minor  editorial  clar  i 1 icat  ions  whicli  have 
been  i neo  rpo  t a Led  iiy  BUT.  Auttior  of  the  report  is  DonaltJ  W. 
Moyt'f,  Hnquu'erini)  Manaqcr,  MAIC  Division  of  Pure  Carbon  Company. 
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F-1.0  INTRODUCTION 


The  Department  of  the  Army  is  developing  an  Automatic  Inspection, 
Diagnostic  and  Prognostic  System  (AIDAPS)  for  use  on  Army  air- 
craft. AIDAPS  is  intended  to  achieve  increased  safety  and  re- 
duced maintenance  cost  through  automatic  detection  of  incipient 
malfunctions.  Data  collection  is  currently  being  accomplished 
on  UH-lH  helicopter  flight  test  vehicles  at  Fort  Rucker,  Alabama, 
by  the  AIDAPS  prime  contractor,  Airesearch  Manufacturing  Company. 
Test  cell  data  collection  and  technical  support  are  being  provided 
by  Bell  Helicopter  Textron  (BHT) . 

During  Task  I,  the  MAIC  Division  of  Pure  Carbon  Company,  Inc. 
(MAIC/PCC)  conducted  an  engineering  evaluation  of  eight  different 
bearings.  This  was  done  to  determine  the  best  test  procedures 
and  test  conditions  at  which  to  operate  each  bearing  in  order  to 
fail  that  bearing  in  fatigue. 

F-2.0  BEARING  DATA 

Based  on  the  data  contained  in  Table  F-1  and  the  bearing  drawings, 
MAIC/PCC  calculated  the  load  on  the  highest  loaded  bearing  of  a 
duplex  or  a triplex  bearing  set.  The  resultant  LIO  life  and 
maximum  Hertz  stress  were  then  calculated  for  all  of  the  bearings. 
These  data  are  summarized  in  Table  F-II . 

F-3.0  ANALYSIS 


F - 3 . 1 General  Approach 

All  bearing  analysis  and  bearing  calculations  were  made  using  the 
book  "Rolling  Bearing  Analysis"  by  Tedric  A.  Harris  as  a reference. 

First  a study  was  made  as  to  what  limits  should  be  used  for  the 
•.’arious  controllable  variables  that  affect  bearing  fatigue  life. 
Each  bearing  was  then  analyzed  to  determine  what  limits  should  be 
applied  to  each  bearing. 

F-3.2  Test  Variables  - Limiting  Factors 

To  reduce  the  test  time  required  to  obtain  classical  fatigue  fail- 
ure of  a given  bearing,  operating  variables  such  as  load,  speed, 
oil  temperature,  oil  viscosity,  and  oil  flow  rates  can  be  con- 
trolled . 

Increasing  oil  temperature  decreases  oil  viscosity  with  consequent 
decrease  in  fluid  film  thickness.  To  avoid  surface  initiated 
fatigue,  MAIC/PCC  intends  to  use  either  MIL-L-7808  or  MIL-L-23699 
oil  (to  be  supplied  by  BHT)  at  a supply  temperature  of  220°  to 
240”i’,  and  at  a flow  rate  sufficient  to  maintain  the  bearing 
outer  race  temperature  at  275°  to  325°F.  Tlu'  viscosity  and 
iiuantity  ol  oil  shoulii  Ix'  sufficient  to  ((enerate  ,i  full  l•;lll)  f ilm 
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Specific  Dynamic  Capacity  for  Single  Bearing  in  Duplex  & Triplex  Bearings. 


Note  x:  P = equivalent  radial  load 

Note  2:  LIO  = calculated  time  to  first  indication  of  failure  of  10  percent  of  the 
bearing  population. 

Note  3;  Compressive  stress  in  inner  race  material. 

Note  4:  C.’l  = bearing  bore  Cmilimeters)  x operating  speed  (RPM) 
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in  the  bearinys  at  their  operating  speeds  and  loads. 

The  variation  of  load  and  speed  affects  ball  and  roller  bearings 
differently.  The  effect  of  these  variables  on  each  type  of  bear- 
ing is  discussed  below. 

F - 5 . 2 . 1 Ball  Bearings 

F - 3 . 2 . 1 .1  Load  Limiting  Factors 

The  amount  by  which  the  load  can  be  increased  is  limited  by  the 
Hertz  stress  at  which  plastic  deformation  begins  to  take  place, 
generally  accepted  as  400,000  psi  to  500,000  psi  in  completed 
rolling  element  bearings.  Although  certain  bench  tests  are  some- 
times run  at  higher  stress  levels,  full  scale  bearing  tests  are 
not  normally  conducted  at  stress  levels  over  400,000  psi. 

F - 3 . 2 . 1 .2  Speed  Limiting  Factors 

Rotational  speed  is  limited  either  by  the  amount  of  heat  that  can 
be  dissipated  by  the  lubrication  system  so  as  to  prevent  thermal 
lockup  of  the  bearing,  or  by  the  ball  running  over  the  inner  race 
shoulder  in  thrust-loaded  bearings. 

F - 3 . 2 . 1 .3  Test  Program  Factors 

In  this  program  we  are  attempting  to  fail  each  bearing  in  its 
normal  running  track  on  a particular  race.  Therefore  we  must 
adjust  the  thrust  and  radial  loads  and  shaft  speed  so  as  to  main- 
tain the  normal  operating  contact  angle  on  the  race  being  de- 
graded . 

Since  speed  and  load  have  different  effects  on  the  inner  and 
outer  races,  it  is  not  possible  to  maintain  the  normal  operating 
contact  angle  on  both. 

[’-3.2.2  Roller  Bearings 

F- 3 . 2 . 2 . 1 Load  Limiting  Factors 

The  load  applied  to  a cylindrical  roller  bearing, in  addition  to 
boini]  limited  to  a maximum  Hertz  stress  of  400,000  psi,  is  limited 
by  edge  loading  of  the  rollers.  This  edge  loading  can  be  caused 
by  using  a straight  roller  with  no  crown  or  by  large  undercuts 
near  the  flange  of  the  raceway.  Should  fatigue  failure  occur  at 
the  ends  of  the  rollers  rather  than  the  center  of  the  roller  track, 
the  radial  load  should  be  reduced. 

F- 3 . 2 . 2 . 2 Speed  Limiting  Factors 

Rotational  speed  does  not  affect  the  location  of  the  high  stress 
<n  ea  on  cylindrical  tc'llt'i  beat  in<fs.  'I'herofore,  the  Jimitiiuj 
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speed  is  determined  by  the  ability  of  the  bearing  to  reach  a 
stabilized  operating  temperature. 

Test  Conditions  - Selection 


I’-  3 . J . ] Ball  Bearings 

I'icjure  F-l  shows  the  general  relationship  between  shaft  speed, 
thrust  load  and  contact  angle  for  angular  contact  type  ball 
bearings.  This  figure  will  be  used  as  a guide  in  determining 
the  loatls  and  speeds  at  which  to  run  the  following  bearings. 


F- 3 . 3 . 1 . 1 Ball  Bearing  P/N  204-040-143 

This  bearing  is  used  in  six  different  locations  in  the  UH-IH 
drive  train.  In  each  location,  the  bearing  is  subjected  to  a 
different  combination  of  axial  and  radial  loads,  (Tables  F-I  and 
F-ir).  The  preferred  failure  mode  for  this  bearing  is  outer  race 
f itigue  spalling.  Therefore,  the  test  loads  will  be  set  sc*  as  to 
maintain  the  normal  operating  outer  race  contact  angle. 


i'hese  bearings  are  divided  into  three  groups,  each  group  consist- 
ing of  bearings  whose  operating  conditions  are  similar.  The  test 
conditions  for  each  group  are  as  follows: 


Croup  I consists  of  bearings  used  in  locations  2,  4,  and  (i 
(Table  F-I).  These  bearings  all  carry  a much  higher  radial 
load  (FR)  than  axial  load  (FA)  and  have  been  analyzed  as 
radially  Loaded  bearings  to  calculate  the  Hertz  stress.  Since 
increasing  shaft  speed  and  radial  load  both  tend  to  decrease 
the  outer  race  contact  angle,  the  FA/FR  has  been  increased  by 
50%.  The  higher  value  of  axial  thrust  will  tend  to  increase 
the  contact  angle  of  the  outer  race,  thus  counteracting  the 
increased  radial  load  and  increased  speed. 

TJie  radial  load  will  be  increased  to  a value  that  will  cause 
the  bearing  to  operate  at  a maximum  Hertz  stress  of  400,000 
psi  on  the  inner  race.  The  shaft  speed  will  bo  increased  to 
obtain  a value  of  400,000  DN  (bore,  mm  x RPM) . This  will  le- 
sult  in  the  inner  race  contact  angle  increasing  by  an  estimated 
2 degrees  over  the  normal  operating  contact  ajigle. 

Group  II  consists  of  the  bearings  used  in  locations  1 and  (> 
(Table  F-I).  These  bearings  carry  an  axial  load  slightly 
higher  than  their  radial  load  and  will  be  analyzed  as  combined 
loaded  bearings  to  determine  Hertz  stress.  Since  the  radial 
load  is  a smaller  part  of  the  overall  load  than  for  F.roup'  1, 
the  av'eraije  value  of  FA/FR  will  he  increased  only  25%,  from 
1.2H-1  to  l.h05. 


Tluj  thrust  and  lanlial  Itiads  will  be  iticreasi'd  obtain  a Ik'i  t z 
stress  of  400,000  psi  on  the  inner  race  and  the  shaft  speeii 


41  I 


699-099-038 


414 


699-099-038 


tionship  between  contac 


(fh  I 


ifsf  iw  d«i(k>Nu^f  of  il<)|j  on  if’iN  iUijt  IS 

lo  lhj>  ti»s1fitlH'n  Of'  tl'f  liMo  .wtyi 


fT 


lucre. ised  tc  400,000  l)N . This  will  iiqain  cause  the  innoj-  raci' 
contact  anqli'  ti)  run  an  estimated  2 deqrees  hiqher  tlian  normal  . 

droup  III  consists  of  the  bearinqs  used  in  location  1 (Table 
K-1).  The  bearinq  ii\  this  location  is  carryinq  a much  hiqlier 
thrust,  load  than  radial  load,  and  therefore  the  FA/l’U  was  not 
chanqed.  The  tlirust  and  radial  loads  will  be  iticreased  to 
obtain  a Herf/.  stress  of  400,000  psi,  and  the  shaft  si)eed 
incre.ised  to  400,000  ON. 


F-  1.1.1 


) 


hall  Ilearinq  P/N  204-040-424 


'i'hi'  preferri'ii  failure  mode  of  this  bearinci  is 
I'his  bearinq  is  subject  to  a very  hiqh  thrust 
to  its  I'.ulial  Uiad.  Therefore,  the  FA/FK  was 
ladial  .iml  .ixial  loads  were  both  increased  to 
llert..’.  sttess  of  400,000  psi.  The  shaft  speed 
400,000  PN . At  tliese  test  conditions,  the  inner 
■ Uiole  IS  abovit  2 deqrees  hiqher  than  normal. 


outer  race  fatiuuo, 
lo.id  in  relation 
not  chanqed.  The 
o b t a i n a ma  x x m um 
was  increased  to 
race  contact 


; - ' . 1 . I . 1 Rail  Pear  in./  P/N  205-040-240 

The  prel erred  mode  of  failure  for  this  bearinq  is  also  outer  race 
tat  ique.  Bec.iuse  of  the  low  Hertz  stress  and  moderate  speed  at 
which  this  bearinq  oi)orates,  it  is  not  possible  to  increase  the 
speed  ei\ouqh  to  reduce  the  outer  race  contact  anqle,  which  is 
inc're.jseii  by  increasinq  thrust  load,  to  its  normal  value  without 
exceedinq  .»  million  ON.  To  compensate  for  this,  the  FA/FK  will 
be  l educed  bv'  25‘i  .xnd  the  shaft  speed  will  be  increased  by  50'f, . 
rhe  axi.vl  ani.1  radi.xl  lo.ads  will  be  inci'eased  to  obtain  a Hertz 
stK'SS  of  400,000  psi. 

1-  1 . 1 . 1 . 4 11a  11  He.xrinq  20*1-04  0-24  5 


’i’he  [>i-(qerred  faiJui'e  mode  for  tliis  bearinq  is  inner  i .»ce  1. it  ique. 
llec.uise  ol  tlu-  hiqh  radial  load  compared  to  the  axi.il  load,  this 
beat  inq  will  be  .tnalyzed  as  a radially  loadtxd  bearinq.  The  FA/FK 
'.Mine  v^x  1 1 not  be  ch.xnqoil  as  the  small  increasi’  in  both  axi.il  lo.id 
.e.'.a  a iOf  xncrease  in  shaft  speed  should  compensate  for  the  de- 
creased contact  anqle  caused  by  the  larqe  increase  in  radial 
o.ad . 


F - 1 . 1 . 1 .5  Hall  He.arinq  204-040-1  lb 

The  pret erred  mode  of  failure  is  inner  race  fatique.  This  bear- 
inq  has  a hiqh  thrust  load  compared  to  its  radial  load.  Since 
increasinq  thrust  .ind  speed  both  cause  the  inner  race  cont.ict 
.inqle  to  incre.ise,  the  value  of  FA/FK  w.as  decre.ised  by  2Sr.  I'he 
thrust  .ind  r.idial  loads  were  then  calculated  for  a maximum  Hertz 
stress  ol  400,000  psi,  and  the  shaft  speed  increased  to  400,000 
ON  . 
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1' - J . i . 2 Hollt.^1  Boarimii; 

The  preferred  mode  of  failure  of  the  three  roller  bearinqs  is 
inner  race  fatique.  The  radial  load  was  increased  to  obtain  a 
maximum  Herti:  stress  of  400,000  psi  and  the  shaft  speed  was  in- 
creased to  qive  a resultant  bearinq  DN  of  400,000  except  for 
liearinq  part  No.  204-040-406,  whose  bore  is  only  25  mm.  For  this 
Itearinq  the  shaft  speeti  was  increased  to  15,000  rpm  (maximum  test 
stand  speed),  resultiiui  in  a DN  of  .525,000  . 

It  is  noted  tliat  l)earinq  drawings  for  bearinq  part  Nos.  204-040- 
40t)  and  -407  do  not  specify  the  amount  of  I'ollor  cia^wn . 11  ttiese 

are  straight  rollers  or  only  sliqlitly  crowned  tlie  load  will  be 
retiueed  to  give  a maximum  liertz  stress  of  250,000  to  .500,1)00  psi  . 

F-  5 . 4 l^roposed  Test  Conditions 

Table  F-lll  summarizes  the  proposed  test  conditions  for  each 
bearinq  and  the  estimated  test  time  required  to  fail  the  number 
k)f  bearinqs  requiiaai  by  BUT. 

4 . 0 TFST  lUC.  DKSIC.N  (MAIC  TASK  II) 

MAId/FFC  is  designing  three  test  rigs  in  order  to  complete  test- 
ing within  the  time  requested  by  BUT. 

A design  feature  of  all  three  rigs  will  be  the  inclusion  of  load- 
ing bolts  i-)!'  cutaway  bearing  housings  for  all  bearings  with  a 
preterreil  failure  mode  of  outer  race  fatigue.  The  loading  bolts 
or  cutaway  housing  will  cause  a local  deflection  of  the  outer 
race,  causing  it  to  fail  prior  to  the  inner  race. 

F-4.1  Test  Rig  Nc> . 1 (Figure  F-2) 

Figure  F-?  shows  the  rig  which  will  be  used  to  test  both  small 
ball  l-a'inqs,  I’  N 204-040-14.3  and  -424,  in  the  front  position  and 
l olli  ''aring  I’ ^N  204-040-310  in  the  middle  position.  When  the 
ball  I 'aiings  are  operating  at  tlieir  proposed  tost  loads,  the 
ta'l  ler  '•‘viriiig  will  be  operating  at  a lower  Hertz  stress  than 
proposed;  but  any  failures  generated  during  this  phase  should  be 
usable  in  tlio  program. 

1-4.2  Test  Rig  No. 2 

Rig  No.  2 is  shown  by  Figure  F-3.  This  rig  is  identical  to  rig 
No.  I,  except  that  the  front  bearing  position  will  be  used  to 
test  the  two  small  roller  bearings  I’/N  204-040-40t)  and  -407  . 

F-4  . 5 Test  Rig  1^'' . 5 (Figuia^  F-4) 

This  rill  (Figure  F-4)  will  be  used  ti'  lest  1 lie  t In  ee  large  b.i  1 I 
bearing:;,  V N 204-040-1  , 205-040-245  and  205-040-24ii . 
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Figure  F-2.  ’-lAIC  test  ri 
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G-l.O  UH-IH  TIEDOWN  EQUIPMENT  AND  PROCEDURES 
Cl- 1.1  Introduction 

The  UU-lH  AIDAPS  helicopters  were  operated  on  a tiedown  pad  at 
Port  Rucker  for  drive  train  green  runs,  maintenance  runs,  and 
certain  data  collection  runs.  BUT  provided  tiedown  equipment, 
special  tool  and  modification  designs,  and  recommended  operational 
procedures  as  described  herein. 

C-1.2  (ieneral  Operational  Procedures 

Tie’down  operation  is  outside  the  normal  helicopter  operational 
environment.  Therefore,  the  following  suggestions  were  made  by 
HHT  to  supplement  the  normal  operating  procedures. 

a.  The  power  requirement  for  a tail  rotor  design  is  determined 
for  transient  flight  maneuvers.  Full  left  pedal  displace- 
ment demands  over  220  horsepower,  whereas  maximum  gross 
weight  steady  state  hovering  tail  rotor  power  is  just  under 
100  horsepower.  The  cooling  airflow  provided  to  tlie  42-  and 
OO-deqree  gearboxes  is  less  during  tiedown  operation  than 
during  fliglit.  With  large  left  pedal  inputs,  the  gearbox 
oil  temperature  limit  may  be  exceeded,  resulting  in  prc- 
nuiture  gear  and/or  bearing  failures.  A 1/2  travel  (from 
neutral  pedal)  left  pedal  restraint  is  therefore  suggested 
to  limit  the  tail  rotor  system  to  a maximum  of  100  horse- 
power . 

b.  One- incti- thick , high  durometer  rubber  pads  under  tlie  skid 
gear  are  recommended  to  prevent  excessive  skid  gear  wear 
due  to  skid  scuffing. 

c.  ']'he  helicopter  should  be  ballasted  to  near  maximum  gross 
weigtit,  if  possible,  to  help  stabilize  the  aircraft,  rigid- 
ize  the  skid  gear,  and  reduce  the  amount  of  tension  required 
through  the  tiedown. 

d.  O[)erations  in  gusty  wind  conditions  should  be  avoided  be- 
cause of  the  probable  inability  to  obtain  stabilized  test 
conditions.  To  prevent  undesirable  high  blade  flapping 
motion,  it  would  be  advisable  to  tie  down  the  helicopter 
witlr  the  nose  into  the  prevailing  wind.  Wind  component 
should  not  exceed  20  knots  headwind,  10  knots  sidewind,  or 
10  knots  rearwind. 

e.  The  ground  area  within  a radius  of  approximately  100  teet 
of  the  tiedown  point  should  be  relatively  flat  and  unob- 
structetl  to  permit  free  flow  outward  of  the  rotor  downwash. 

f.  The  area  around  the  tiedown  rig  should  be  checked  betore 
each  run  for  loose  objects  which  might  be  picked  up  by  the 
rotor  ilownwash  and  recirc\»l  ated  into  tlie  roloi  . 
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I 1 . 3 Tiedown  Ecjuipment 

Tiedown  equi^jment  requirements  had  been  previously  establislied 
for  the  USAF,  and  described  in  BHC  Drawing  212-038-029,  as 
follows . 


G-i.3.1  204-900-001  WHT-1  Tiedown  Tool.  This  tool  is  a large 

turnbuckle  device  that  picks  up  a single  point  on  the  lift  link 
beam  and  a single  ground  hard  point  directly  beneath  the  lift 
link  beam  and  helicopter.  The  tool  is  designed  for  a working 
tension  load  of  14,000  lbs  and  is  static  tested  to  35,000  lbs. 

G.-1.3.2  212-HES-295  Tiedown  Fitting.  This  fitting  b <1  ts  to 

tlie  tail  skid  attachment  fitting  after  removal  of  the  tail  skid. 
'I'wo  tiedown  cables  (left  and  right)  perpendicular  to  the  longi- 
tudinal axis  and  nearly  perpendicular  to  the  vertical  axis 
counteract  the  main  rotor  torque  and  tail  rotor  thrust  to  pre- 
vent the  helicopter  from  turning. 

212-HKS-290  Cyclic  Stick  Tool.  During  the  tiedown 
tests,  large  cyclic  inputs  can  create  excessive  misalignment 
between  the  transmission  and  engine  due  to  airframe  bonding, 
which  does  not  occur  during  flight.  Excessive  misalignment  can 
cause  premature  transmission  input  quill  failure.  The  cyclic 
tool  clamps  to  the  bottom  of  the  cyclic  stick.  It  prepositions 
the  cyclic  controls  near  the  optimum  location  for  rotor  operation 
a;ui  jusLiicts  skid  m.otion  to  prevent  high  blade  flapping  and 
airframe  pitch  and  lateral  motion  against  the  tiedown  restraints. 

G-1.3.4  Skid  Gear  "LI"  Bolt  Restraints.  The  restraints  incre.ise 
the  gear  spring  rate  and  rigidize  the  helicopter  airframe 
support  to  prevent  undesired  airframe  pitch  and  lateral  motions 
durim;  control  inputs.  In  lieu  of  "U"  bolts,  a cross  tie 
arrangement  between  tlie  skids  is  as  effective  in  restraining 
th<'  skid  gear.  The  gear  is  restrained  before  the  WHT-1  tieilown 
fitting  is  installed. 


G-1.3.5  Jack  Point  Restraints.  The  tiedown  restraints  at  the 
forward  and  aft  jack  points  are  per  a special  USAF  request. 
They  are  not  used  for  most  tiedown  procedures. 

G.-1.3.b  Ull-IH  Left  Pedcil  Stop  Fabrication  and  Installation. 

As  noted  in  Sect.  G-1.2a,  left  pedal  inputs  should  be  limited 
during  tiedown  operation  to  approximately  1/2  travel.  Figure 
Gt-1  shows  the  design  of  a stop  for  this  purpose.  Installation 
of  the  stop  is  as  follows: 


b. 


c . 


Attach  a portable  hydraulic  test  unit  and 
powi'r  per  Chapter  (>  of  TM5 5-1 5 20-2  1 0-20  . 

Cycle  ped.ils  lull  right  and  loft  and  hold 

Turn  tail  rotor  to  iiorizontal  position. 


apply  hydraulic 


full 


lelt  peiial  . 
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Figure  C-1.  UH-IH  AIDAPS  tiedown  left  pedal  stop 
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d.  Set  a propeller  blade  protractor  to  zero  index.  Place  pro- 
tractor on  flat  surface  of  tail  rotor  blade  just  outboard 
of  grip. 

NOTE:  During  this  series  of  measurements  maintain  the 

same  orientation  of  protractor.  That  is,  the  spirit  level 
must  be  on  the  forward  side  for  all  readings,  or  on  the  alt 
side  for  all  readings. 

e.  Flap  rotor  in  one  direction  against  static  stop.  Measure 
and  record  protractor  reading.  Flap  blade  in  opposite 
direction  to  stop  and  record  reading. 

f.  Both  readings  should  be  19  degrees  + 1 degree. 

g.  Apply  right  pedal  and  install  the  tiedown  pedal  stop  per 
Figure  (>-2  on  the  right  heel  rest  (copilot's  side  is  pref- 
erable) . 

h.  Apply  left  pedal  until  the  blade  protractor  reads  11-1/2 
degrees.  Hold  11-1/2  degrees  and  move  the  pedal  adjust 
knob  until  the  right  pedal  contacts  the  pedal  stop. 

i.  Flap  rotor  in  one  direction  against  static  stop.  Measure 
and  record  protractor  reading.  Flap  blade  in  opposite 
direction  to  stop  and  record  reading. 

j.  Place  protractor  with  same  orientation  on  opposite  blade. 
Repeat  Step  i. 

k.  Add  the  four  recorded  protractor  readings.  Divide  by  four. 
The  average  blade  pitch  angle  should  be  11-1/2  degrees  ^ 

1/2  degree. 

l.  If  blade  readings  are  not  satisfactory,  move  the  pedal 
adjust  against  the  stop  and  repeat  steps  i,  j,  k until 
the  protractor  readings  are  within  limits. 

m.  Remove  the  pedal  adjust  stop  or  block  the  handle  so  the 
adjustment  will  not  engage. 

G-1.4  Tiedown  Green  Run  Procedures 


G-1.4.1  Introduction . Procedures  were  developed  by  BUT  in  order 
that  green  runs  of  drive  train  components  could  be  conducted  at 
Fort  Rucker,  using  a tied-down  helicopter  in  lieu  of  a test 
stand.  These  procedures  apply  to  the  AIDAPS  program  only. 

1.4.2  Transmission  Green  Run.  The  recommended  procedure  for 
tiedown  green  run  of  AIDAPS  UH-lH  transmissions  is  as  follows: 

a.  Install  the  Hamilton  Standard  42-degrec  gearbox  and  90- 
degreo  gearbox  ehixjme l-alumel  thermocouple  in  the  sight 
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qlass  window  (this  thermocouple  was  installed  in  the  sicjln 
cjlass  window  ii^  the  two  helicopters  received  from  the 
Granite  City/Parks  College  testing)  per  the  Hamilton 
Standard  Drawings  SK  7^)730-110  and  SK  79730-140  . Remove 
the  TC  #2  thermocouples  and  monitor  the  TC  (t  1 thermocouples 
with  an  appropriate  chromel-alumel  temperature  indicator. 

b.  Perform  Lubrication  Check  Run  per  Section  G-1.6.2 

c.  Install  the  following  helicopter  components  to  perform  a 
test  run  of  the  transmission:  transmission,  mast  controls, 
stabilizer  bar  assembly,  main  rotor  Imb  and  blade  assembly, 
all  driveshafts,  gearboxes,  and  tail  rotor  hub  and  bladi' 
assembly . 

d.  Do  not  install  the  engine  cowling  or  transmission  cowling. 

e.  Verify  that  the  helicopter  lias  been  lubricated  and  sei  viced. 
Visually  inspect  the  following; 

All  tiedown  points  for  security 

Oil  sv’stem  for  security  and  leakage 

Fuel  system  for  security  and  leakage 

Hydraulic  system  for  security  and  leakage 

Flight  controls  for  secvirity  and  leakage 

Engine  accessories  and  controls  for  security,  loose 

connections,  and  proper  operation. 

NOTE:  Throughout  the  whole  testing  procedure,  all  compo- 

nents should  be  carefully  checked  for  evidence  of  leakage 
and  abnormal  noise. 

t.  Start  engine  and  bring  to  flight  idle.  V'erify  that  all 
operating  parameters  are  witliin  limits.  I'ertorm  Steps 
1 through  S of  the  green  run  cycle.  Table 

NOTE:  At  n<i  time  allow  the  gearbox  oil  temperature  to 

exceed  2 I 2‘V  (lfl0''\’). 

g.  .Stop  the  engine  and  perform  the  following  i t^sf^ect  ions ; 

a.  Remove  transmission  jets  and  visually  inspect  tor 
foreign  materials,  burrs  and  damaged  jets.  Clean  and 
reinstal 1 . 

b.  Remove  airmaze  filter.  Visually  inspect  tor  foreign 
material.  Clean  in  solvent  (Item  1,  Table  I-l'i  of 
DMWR  55-lb  1 5-1  5t) ) and  reinstall. 

c.  Check  the  magnetic  chij>  lietector  toi  foreign  mateiial 
or  ch  i{)s  . ('lean  and  reinstall. 

h.  Start  the  engine  and  bring  to  fliglit  iille.  Vt'iity  tliat 
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all  operating  parameters  are  within  limits.  Perform 
Steps  6 through  11  of  the  green  run  cycle.  Table  G-I. 

i.  Stop  the  engine  and  repeat  Step  g inspection. 

j.  Start  the  engine  and  bring  to  flight  idle.  Verify  that 
all  operating  parameters  are  within  limits.  Perform 
Steps  12  through  18  of  the  green  run  cycle.  Table  G-1. 

k.  Repeat  inspection  (Step  g) . 

l.  The  green  run  is  now  complete,  and  the  transmission  is 
ready  for  inspection  qualification  per  DMWR  55-1615-156. 

1.4.3  Transmission  Accessory  Quill  Green  Run.  The  recommended 
procedure  for  ground  green  run  of  AIDAPS  UH-lH  transmission 
accessory  drive  (hydraulic  pump  and  generator)  quills  is  as 
follows : 


a.  Install  the  test  quill  in  the  transmission  and  perform 
the  backlash  check  as  outlined  in  DMWR  55-1615-155. 

b.  Prepare  the  helicopter  for  ground  run.  The  tiedown 
facility  is  not  required.  Do  not  install  the  engine  or 
transmission  cowling. 

c.  Start  the  engine  and  bring  to  flight  idle.  Verify  that 
all  operating  parameters  are  within  limits.  Perform  the 
following  run  cycle.  Maintain  neutral  pedals  and  full- 
down  collective  during  run. 


I . 


n 


Time 

Hours 

Engine 

Step 

Interval 

Accum 

RPM 

1 

0.1 

0.1 

Flight  Idle 

2 

0.2 

0.3 

4800 

3 

0.2 

0.5 

5800 

4 

0.2 

0.7 

6400 

5 

0.2 

0.9 

6600 

The 

green  run  is  now 

complete 

and  the  test  quill  is  ready 

for 

inspection  qualification  ] 

per  DMWR  55-1615-156. 

Perform  the 

following 

inspection  on  the  universal  trans- 

mission ; 

Remove 

the  airmaze  filter 

. Visually  inspect  for 

foreign 

material . 

Clean 

in  solvent  (Item  1,  Table 

3-15  of 

DMWR  55-1615-156) 

and  reinstall. 

Check  the  magnetic  chip  detector  for  foreign  material 
or  chips.  Clean  and  reinstall. 
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G-1  . 4 .4  4 2-De>-jree  and  90-Degree  Gearbox  Green  Run.  The 

reconunended  procedure  for  tiedown  green  run  of  ATDAPS  UH-lH  42- 
deqree  and  90-deqree  gearboxes  is  as  follows: 

a.  Install  the  Hamilton  Standard  42-degree  gearbox  and  90- 
degree  gearbox  chromel-alumel  thermocouple  in  the  sight 
glass  windovvf  (these  thermocouples  were  installed  in  the 
sight  glass  windows  in  the  two  helicopters  received  from 
tSranite  City/Parks  College  testing)  per  the  Hamilton 
Standard  Drawings  SK  79730-110  and  SK  79730-140.  Remove 
the  TC  #2  thermocouples  and  monitor  the  TC  # 1 thermocouples 
with  an  appropriate  chromel-alumel  temperature  indicator. 

b.  Before  the  4 2-iiegree  gearbox  green  run,  perform  lubrication 
check  run  (Per  Ci-1.6.3). 

c.  Install  the  following  helicopter  components  to  perform  a 
test  run  of  tlie  42-degree  and/or  90-degree  gearbox:  trans- 
mission, mast  controls,  stabilizer  bar  assembly,  main  rotor 
iiub  and  blade  assembly,  all  drive  shafts,  qearboxes,  and 
tail  rotor  liub  and  blade  assembly. 

d.  Do  not  install  the  gearbox  fairings. 

o.  Verify  that  the  helicopter  has  been  lubricated  and  serviced. 
Visually  inspect  the  following: 

a.  All  tiedown  points  for  security 

b.  Oil  system  for  security  and  leakage 

c.  Fuel  system  for  security  and  leakage 

d.  Hydraulic  system  for  security  and  leakage 

e.  Flight  controls  for  security  and  leakage 

f.  Engine  accessories  and  controls  for  security,  loose 
connections  and  proper  operation 

NO'l’E:  Throughout  the  whole  testing  procedure,  all  compon- 

ents should  be  carefully  checked  for  evidence  of  leakage 
and  abnormal  noise. 

f.  Start  engine  and  bring  to  flight  idle.  Verify  that  ail 
operating  parameters  are  within  limits.  Perform  Steps  1 
through  5 of  the  green  run  cycle.  Table  G-II. 

NOTE:  At  no  time  allow  the  gearbox  oil  temperature  to 

exceed  212°F  (100°C) . 

g.  Stop  the  engine  and  check  the  gearbox  magnetic  chip  detector 
tor  foreign  material  or  cliips.  Clean  the  magnetic  chip  de- 
tector and  reinstall. 

h.  Start  the  engine  and  bring  to  flight  idle.  Verify  that  all 
operating  parameters  are  within  limits.  Perform  Steps  t> 
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through  10  of  the  green  run  cycle.  Table  G-II. 

i.  Stop  the  engine  and  repeat  inspection  (Step  g) . 

j.  Start  the  engine  and  bring  to  flight  idle.  Verify  that  all 
operating  parameters  are  within  limits.  Perform  Steps  11 
through  16  of  the  green  run  cycle.  Table  G-II. 

k.  The  green  run  is  now  complete.  The  42-degree  and/or  90- 
degree  gearbox  is  ready  for  inspection  qualification  per 
DMWR  55-1560-123  and/or  DMWR  55-1560-127. 

G-1.5  Tiedown  Maintenance  Run  Procedures 


G-1.5.1  Introduction . The  procedures  described  in  this  section 
were  developed  by  BHT  for  use  at  Fort  Rucker.  Maintenance  runs 
were  performed  prior  to  flight  release  of  AIDAPS  helicopters  with 
defective  parts  implanted.  This  procedure  was  to  insure  that  the 
component  containing  the  defective  implant  had  been  properly  re- 
assembled and  installed,  and  that  the  deterioration  rate  of  the 
implanted  part  was  acceptably  low. 

G-1.5. 2 Transmission  Maintenance  Run;  Main  Rotor  Drive  Implants 
The  following  procedure  is  recommended  for  maintenance  check  of 
an  implant  in  the  transmission  input  quill,  input  bevel  gear, 
planetary  assemblies,  and  upper  mast  bearing. 

a.  For  an  implant  to  the  input  quill:  Perform  applicable 
portions  of  the  Lubrication  Check  Run,  Para.  1.6.2. 

b.  Install  the  helicopter  on  the  tiedown  stand.  Do  not  in- 
stall the  engine  cowling  or  transmission  cowling. 

c.  Verify  that  the  helicopter  has  been  lubricated  and  serviced. 
Visually  inspect  the  following: 

All  tiedown  points  for  security 
Oil  system  for  security  and  leakage 
Fuel  system  for  security  and  leakage 
Hydraulic  system  for  security  and  leakage 
Flight  controls  for  security 

Engine  accessories  and  controls  for  security,  loose 
connections  and  proper  operation 

NOTE:  Throughout  the  entire  procedure,  all  components  should 

be  carefully  checked  for  evidence  of  leaks  and  abnormal  noise. 


d.  Start  engine  and  bring  to  flight  idle.  Verify  that  all 
temperatures  and  pressures  are  within  limits. 

e.  Perform  the  test  outlined  in  the  Maintenance  Run  Table 
G-III . 
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f.  stop  the  encjine  and  perform  the  following  inspections. 

Remove  the  transmission  jets  and  visually  inspect 
for  foreign  materials,  burrs  and  damaged  jets.  Cle.ni 
and  reinstall. 

Remove  Airmaze  oil  filter.  Visually  insp'ect  for 
foreign  material.  Clean  in  solvent  (Item  1,  Table 
13-15  of  DMWR  55  1615-156)  and  reinstall. 

Remove  the  magnetic  chip  detector  and  inspect  for 
foreign  materials  or  chips.  Clean  and  reinstall. 

G- 1 . 5 . 3 Transmission  Maintenance  Run;  Tail  Rotor  Drive  Imj-lants 

The  following  procedure  is  recommended  for  maintenance  check  of 
transmission  implants  in  the  tail  rotor  drive  system,  i.e.,  off- 
set accessory  and  tail  rotor  drive  quill,  tail  rotor  sump  quill, 
and  tail  rotor  output  quill. 

a.  For  an  implant  to  the  TR  output  quill,  perform  applicable 
portions  of  the  Lubrication  Check  Run,  Section  G-1.6.2. 

b.  Install  the  helicopter  on  the  tiedown  stand.  Do  not  in- 
stall the  engine  cowling  or  transmission  cowling. 

c.  Verify  that  the  helicopter  has  been  lubz'icated  and  serviced. 
Visually  inspect  the  following: 

All  tiedown  points  for  security 
Oil  system  for  security  and  leakage 
Fuel  system  for  security  and  leakage 
Hydraulic  system  for  security  and  leakage 
Flight  controls  for  security 

Engine  accessories  and  controls  for  security,  loose 
connections,  and  proper  operation. 

NOTE;  Throughout  the  entire  procedure,  all  components 
should  be  carefully  checked  for  evidence  of  leaks  and 
abnormal  noise. 

d.  Start  engine  and  bring  to  flight  idle.  Verify  tliat  all 
temperatures  and  pressures  are  within  limits. 

e.  Perform  the  test  outlined  in  Table  G-IV,  Maintenance  Run. 

f.  Stop  the  engine  and  perform  the  following  inspection: 

Remove  transmission  jets  am)  visually  ins('ect  lor 
forevgii  materials,  burrs  and  damageii  it'ts.  t'lean  .uul 
reinstal 1 . 
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Remove  Airmaze  oil  filter.  Visually  inspect  for 
foreign  material.  Clean  in  solvent  (Item  1,  Table 
13-15  of  DMWR  55-1615-156)  and  reinstall. 

Remove  the  magnetic  chip  detector  and  inspect  for 
foreign  material  or  chips.  Clean  and  reinstall. 

C.-1.5.4  Maintenance  Run  of  Transmission  Accessory  Quills 

The  following  procedure  is  recommended  for  maintenance  ctieck  of 
implants  in  the  generator  quill  or  the  hydraulic  pump  quill. 

a.  Install  the  test  quill  in  the  transmission  and  check  fox- 
backlash  . 

b.  Prepare  the  helicopter  for  ground  run.  The  tiedown  facility 
is  not  required.  Do  not  install  the  engine  or  transmission 
cowling . 

c.  Start  the  engine  and  bring  to  flight  idle.  Verify  that  all 
operating  parameters  are  within  limits. 

d.  Perform  the  following  run  cycle.  Maintain  neutral  pedals 
and  full  down  collective  during  run. 


I 


I 


Time 

Hours 

Engine 

Step 

Interval 

Accum . 

RPM 

1 

0.3 

0.3 

Flight  Idle 

2 

0.3 

0.6 

6400 

3 

0.3 

0.9 

6600 

e.  Perform  the 

following 

inspection  on  the 

universal  trans- 

mission : 

Remove  the  Airmaze 

filter.  Visually 

inspect  for 

foreign 

material . 

Clean  in  solvent 

(Item  1,  Table  3-15 

of  DMWR 

55-1615-156)  and  reinstall. 

Check  the  magnetic 

chip  detector  for 

foreign  material 

or  chips 

. Clean  and  reinstall. 

-1,5.5  42-Degree 

1 and  90-Degree  Gearbox  Maintenance  Run 

The  following  procedure  is  recommended  for  maintenance  check  of 
implants  in  the  42-deqree  or  90-degree  gearbox. 


a.  For  an  implant  to  the  42-degree  gearbox,  perform  the 
Rubrication  Chock  Run,  Section  G-1.6.3. 

b.  Install  the  fielicopter  on  the  tiedown  stand.  Do  not  install 
the  gearbox  fairimis. 
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c.  Verify  that  the  gearboxes  have  been  properly  lubricated  and 
secured . 

NOTE;  Throughout  the  entire  procedure,  all  components 

should  be  carefully  checked  for  evidence  of  leaks 
and  abnormal  noise. 

d.  Start  engine  and  bring  to  flight  idle.  Verify  that  all 
temperatures  and  pressures  are  within  limits. 

e.  Perform  the  test  outlined  in  Table  G-IV,  Maintenance  Run. 

f.  Stop  the  engine  and  perform  the  following  inspection: 

Check  the  magnetic  chip  detector  for  foreign  material 
or  chips.  Clean  and  reinstall. 

G-1.6  Lubrication  Check  Procedures 


G-1.6.1  Introduction 

Lubrication  checks  are  specified  in  the  following  procedures: 

Transmission  green  run  (Section  G-1.4.2) 

42-degree  gearbox  green  run  (Section  G-1.4.4) 

Transmission  maintenance  run  with  input  quill  implant  (Section 
G-1.5.2) 

Transmission  maintenance  run  with  tail  rotor  output  quill 
implant  (Section  G-1.5.3) 

42-degree  gearbox  maintenance  run  (Section  G-1.5.5) 

The  recommended  procedures  for  conducting  these  checks  on  instal- 
led components  are  described  herein.  These  procedures  apply  to 
the  AIDAPS  program  only. 

G-1.6. 2 Transmission  Lubrication  Check  Run 

The  following  procedure  is  recommended  for  lubrication  check  of 
the  main  transmission  as  applicable  in  conjunction  with  trans- 
mission green  runs  and  maintenance  runs. 

a.  Install  input  driveshaft  connecting  transmission  and  input 
quill  to  engine.  Do  not  install  tail  rotor  driveshaft. 

b.  Slide  oil  seal  back  to  clear  nut,  (#12,  Figure  3-9  of  DMWR 
55-1615-156)  P/N  209-040-185  on  the  tail  rotor  output  quill 
assembly  to  allow  oil  to  flow  out. 

c.  On  main  input  quill  P/N  204-040-363-3,  remove  oil  tube  and 
install  the  external  drain  tube.  Part  No.  204-040-009-1 
PAT-lD.  On  main  input  quill  P/N  205-040-263-3,  remove  plug 
Part  No.  AN814-6DL  and  install  oil  evaluation  fixture. 
Install  tube  to  allow  oil  to  drain  into  a 1000  ml  container. 
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d.  Remove  lockwire  from  oil  jets  2,  3,  4,  and  7. 

NOTE:  Inspect  all  tiedown  points  for  security. 

e.  Start  engine  and  bring  to  5800  rpm. 

f.  Check  that  oil  pressure  is  within  50  to  55  psi. 

NOTE:  Replace  oil  as  required. 

g.  Loosen  No.  4 jet.  Rotate  to  left  and  tighten.  Measure 
flow  from  tail  rotor  output  quill  assembly.  Oil  flow 
shall  be  100  ml/min  or  greater. 

h.  Loosen  No.  4 jet.  Rotate  to  the  right  and  tighten.  Measure 
flow  from  tail  rotor  output  quill  assembly.  Oil  flow  shall 
be  100  ml/min  or  greater. 

i.  With  No.  3 jet  open,  measure  flow  from  main  input  quill 
assembly.  Oil  flow  shall  bo  800  ml/min  or  greater  and 
exceed  oil  flow  from  the  next  stop  by  400  ml/min. 

j.  Remove  No.  3 jet  and  install  plugged  jet  Part  No.  204-040- 
001-19  PAT-ID. 

k.  Measure  flow  from  main  input  quill  assembly.  Oil  flow  shall 
be  400  ml/min  or  greater. 

l.  Remove  plugged  jet  and  install  No.  3 oil  jet. 

m.  Remove  all  test  apparatus,  lockwire  jets,  and  inspect  trans- 
mission for  proper  configuration. 

G-1.6.3  42-Dcgree  Gearbox  Lubrication  Check-Run 

The  following  procedure  is  recommended  for  lubrication  check  of 
the  42-degree  gearbox  in  conjunction  with  42-degree  gearbox  green 
runs  or  maintenance  runs. 

NOTE:  Inspect  all  tiedown  points  for  security. 

a.  Install  42-degree  gearbox  without  output  shaft  oil  seal  aiul 
do  not  install  the  tail  rotor  shaft  to  the  90-deqree  gear- 
box . 

b.  Start  engine  and  bring  to  flight  idle.  A puddle  of  oil 
should  accumulate  at  bottom  outboard  face  of  duplex  bearing 
set  within  one  minute.  A broomstraw  placed  on  the  rotating 
inner  race  of  bearing  should  deflect  oil  droplets  in  the 
air . 

c.  Stop  engine  and  replace  oil  seal.  Replenish  gearbox  oil. 
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G-1.7  Modifications  To  Prevent  Input  Driveshaft  Failures 

During  initial  tiedown  operations  at  Fort  Rucker,  several  input 
driveshaft  failures  were  experienced.  BHT  assistance  was  re- 
quested in  solving  this  problem.  It  was  determined  that  the 
failures  occurred  while  operating  at  high  power  with  maximum 
forward  cyclic  input.  The  failures  were  apparently  due  to  ex- 
cessive misalignment  between  the  engine  and  transmission  under 
these  conditions.  Such  misalignment  would  not  occur  during 
normal  flight  because  the  fuselage  would  be  free  to  rotate. 

Special  transmission  mounts  for  tiedown  operation  were  success- 
fully tested  at  BHT,  and  provided  to  the  Army  Aviation  Test 
Board.  The  procedure  for  installing  the  mounts  and  related 
equipment  was  also  provided,  as  follows: 

a.  Remove  the  four  main  pylon  mounts  per  TM55-1520-210-i4 , 
Paragraph  7-6. 


NOTE:  Paint  all  nonstandard  parts  and  filler  plates  yellow. 

DO  NOT  USE  ON  FLIGHT  AIRCRAFT. 


b.  Replace  the  four  204-031-927-7  mounts  (4500  in-lb  standard) 
with  the  four  J-8085-23  mounts  (7500  in-lb  test) . 

c.  Remove  one  100-055-1  filler  plate  from  each  forward  mount 
position . 

d.  Remove  one  100-055-3  filler  plate  from  each  rear  mount 
position  and  install  one  in  each  forward  mount  position. 

e.  Rework  two  100-055  filler  plates  to  obtain  a 0.040  + 0.005 
inch  thickness.  Install  one  reworked  0.040  inch  filler 
plate  in  each  aft  mount  position. 

f.  Complete  the  four  main  pylon  mount  installations  and  reshim 
the  fifth  mount  per  TM55-1520-210-34 , Paragraph  7-6. 

g.  Remove  the  209-030-357  lift  link  and  replace  with  the  204- 
038-244  adjustable  link. 

h.  Transmission  is  now  ready  for  installation  per  TM55-1520-210- 
34,  Paragraph  7-2. 

It  is  not  considered  necessary  to  change  the  standard  transmission 
mounts  during  the  UH-IH  maintenance  runs  with  transmission  im- 
plants. To  prevent  any  main  driveshaft  failures  during  the  main- 
tenance runs,  the  following  modifications  are  suggested  for  the 
procedures  of  Section  G-1.5.2. 
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Eliminate  Step  5 in  Table  G-III. 

Reduce  the  "Interval  of  Step  4 to  0.1  hour. 

(The  "Accum.  Time"  of  Step  4 becomes  0.7  hour) . 

Experience  with  tiedown  operations  at  BHT  indicates  that  the 
205-040-004-3  main  driveshaft  should  be  installed  in  preference 
to  earlier  model  driveshafts.  Continuous  small  cyclic  stick 
motions  are  beneficial  to  assist  in  proper  lubrication  of  the 
internal  parts  of  the  driveshaft  and  should  be  included  in  the 
tiedown  test  procedures. 

G-1.8  Special  Schedule  and  Limits  for  High  Ambient  Maintenance 
Runs  of  Tail  Rotor  Drive  Implants 

It  was  found  during  high  ambient  tiedown  runs  at  Fort  Rucker 
that  the  42-degree  and  90-degree  gearbox  oil  temperature  limit 
of  212°  was  reached  during  Step  5 of  the  maintenance  run  schedule 
of  Table  G-IV.  A modified  procedure  was  developed  by  USAADTA 
whereby  the  run  consisted  of  going  through  the  steps  of  Table  G-IV 
twice,  but  holding  each  point  for  half  the  specified  time.  This 
permitted  the  gearboxes  to  cool  at  the  low  power  points,  after 
reaching  maximum  temperature  at  the  end  of  Step  5.  Even  so, 
additional  cooling  time  was  required,  and  BHT  assistance  was 
requested . 

Tests  in  the  BHT  Transmission  Research  Laboratory  indicated  that 
the  temperature  limit  could  be  safely  increased  to  230°F  for  short 
periods.  Therefore,  for  purposes  of  this  test  only,  BHT  recommend- 
ed that  the  gearbox  oil  be  allowed  to  reach  230°F.  This  limit,  in 
conjunction  with  the  revised  test  schedule,  enabled  the  runs  to  be 
completed  in  the  specified  1-hour  interval. 

G-2.0  AH-IG  TIEDOWN  EQUIPMENT  AND  PROCEDURES 


G- 2 . 1 Introduction 

It  was  originally  planned  that  implants  would  be  tested  in  AH-lG 
helicopters.  Therefore,  tiedown  equipment,  modifications,  and 
procedures  were  developed  by  BHT  as  reported  herein.  The  AH-lG 
was  subsequently  deleted  from  the  AIDAPS  program;  therefore  no 
tiedown  runs  were  made. 

G- 2 . 2 General  Operational  Procedures 

a.  The  tiedown  pad  should  be  flat  and  level,  and  should 
completely  contact  the  skid  gear. 

b.  Rubber  pads  under  the  skid  gear  should  not  exceed  1-inch 
in  thickness. 

c.  Prior  to  each  run,  remove  both  tailboom  lower  doors,  inspect 
door  frames  for  cracks  and  nutplates  for  looseness,  and  re- 
place doors  and  attachments. 
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d.  Remove  engine  cowling  and  42-degrec  gearbox  cowling  to  pro- 
vide increased  airflow  to  the  input  driveshaft  and  42-degree 
gearbox . 

e.  The  tailboom  tiedown  cables  should  be  approximately  25  feet 
long,  and  oriented  perpendicular  to  the  aircraft  centerline. 
Cables  should  be  "snug"  (not  slack) . 

f.  The  tiedown  fitting  and  skidgear  restraints  should  be  in- 
stalled with  all  slack  removed,  but  not  heavily  preloaded. 

g.  Aircraft  gross  weight  should  be  the  minimum  practical. 

h.  Pedal  inputs  should  be  made  slowly  and  smoothly  to  avoid 
dynamic  loading  effects. 

i.  Cyclic  stick  movements  at  high  speed  and  power  points  should 
be  limited  to  the  small  movements  required  for  input  drive- 
shaft  lubrication. 

G-2.3  Specific  Test  Procedures 

AH-IG  procedures  for  tiedown  green  runs,  maintenance  runs,  and 
lubrication  checks  are  identical  to  the  corresponding  UH-IH  pro- 
cedures . 

G-2.4  Tiedown  Modifications  and  Equipment 
G-2.4.1  Commonality  With  UH-lH 

Use  of  the  following  items  is  the  same  as  for  the  UH-IH: 

Tiedown  tool  (Section  G-1.3.1) 

Skid  gear  restraint  (Section  G-1.3.5) 

Special  transmission  mounts  (Section  G-1.7) 

G-2.4. 2 Cyclic  Stick  Limiter  Fabrication  and  Installation 

Figure  G-3  shows  the  AH-IG  cyclic  stick  limiter  design.  To  in- 
stall the  limiter,  the  gunner's  cyclic  stick  boot  (P/N  209-001-335) 
is  removed,  and  replaced  by  the  limiter.  Tape  should  be  wrapped 
around  the  stick  where  it  contacts  the  limiter  to  prevent 
abrasion . 

G-2.4. 3 Left  Pedal  Stop 

The  left  pedal  stop  consists  of  an  MS21919DG  clamp,  as  shown  by 
Figure  G-4  . The  clamp  is  installed  as  follows: 

a.  Attach  a portable  hydraulic  test  unit  and  apply  hydraulic 
power  per  Chapter  6,  TM55-1520-221-20 . 
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b.  Cycle  pedals  full  right  and  left  and  half  full  left  pedal. 

c.  Turn  tail  rotor  to  horizontal  position. 

d.  Set  a propeller  blade  protractor  to  zero  index.  Place  pro- 
tractor on  flat  surface  of  tail  rotor  just  outboard  of  grip. 

NOTE;  During  this  series  of  measurements,  maintain  the 
orientation  of  protractor  the  same  throughout.  That  is, 
the  spirit  level  must  be  on  the  forward  side  for  all 
readings,  or  on  the  aft  side  for  all  readings. 


e.  Flap  rotor  in  one  direction  against  static  stop.  Measure 
and  record  protractor  reading.  Flap  blade  in  opposite 
direction  to  stop  and  record  reading. 

f.  Place  protractor  with  same  orientation  on  the  opposite 
blade.  Repeat  step  e. 

g.  Add  four  recorded  protractor  readings.  Divide  by  four. 
Average  blade  pitch  angle  should  be  19  degrees  +1/4  degree. 

h.  Apply  right  pedal  and  install  the  tiedown  pedal  stop  on  the 
gunner's  yaw  control  tube  per  Figure  G-4 . 

i.  Apply  left  pedal  until  the  blade  protractor  reads  11-1/2 
degrees.  Hold  11-1/2  degrees  and  move  the  pedal  stop  until 
stop  contacts  the  bulkhead. 

j.  Repeat  steps  e and  f. 

k.  Determine  average  pitch  angle  as  in  Step  g.  The  average 
blade  pitch  angle  should  be  11  1/2  degrees  + 1/4  degree. 

l.  If  the  blade  readings  are  not  satisfactory,  adjust  the  tie- 
down pedal  stop  and  repeat  steps  j and  k until  the  protractor 
readings  are  within  limits. 

G-2.4.4  AH-lG  Tail  Boom  Tiedown  Modifications  and  Equipment 

The  tailboom  should  be  modified  for  tiedown  operation  per  Figure 
G-5.  The  tiedown  fitting  is  the  same  as  the  UH-lH  fitting 
(P/N  212-HES-295) , except  for  the  following  changes  in  width 
dimensions : 
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To 

1.90 
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REPLACE  1/8  AD  RIVETS  WITH  5/32"  AD  RIVETS 


Figure  G-5.  AH-IG  tailboom  modification  for  tiedown  operation, 
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G-3.0  UPRATED  TRANSFORMER  INSTALLATION 


I’owor  requirements  of  the  prototype  AIDAPS  airborne  equipment 
exceeded  the  capability  of  the  standard  UH-IU  28-Vac/50  VA  trans- 
former, i’/N  9T39Y‘3.  Per  AVSCOM  request,  BUT  investiqated  the 
problem,  and  recommended  substitution  of  a P/N  209-075-363  trans- 
former, rated  at  28-Vac/150  VA. 

The  procedure  for  installinq  the  uprated  transformer  is  as  follows; 

a.  Remove  existinq  9T39Y5  transformer  from  nose  compartment. 

b.  Remove  the  nutplates  used  for  mouiitinq  the  9T39Y5  trans- 
former . 

c.  Drill  mount inq  holes  in  nose  compartment  shelf  per  I’iqure 

Ci  — b . 

d.  Install  the  209-075-163  transformer  on  the  shelf  (electrical 
terminals  facinq  forward)  with  4 each  MS35207-261  bolts, 

AN  960  ClOL  washers,  and  MS  21042-L3  nuts. 


I 


e.  Install  electrical  leads.  The  terminal  studs  on  the  209- 
075-363  transformer  are  identical  witli  those  of  the  9T39Y5 
trails f ormer . 

C-4.0  CARGO  FITTING  FAILURE  INVESTIGATION 

Tfie  attachment  point  for  the  UH-lH  tiedown  tool  is  the  carqo 
slinq  littinq,  P/N  205-030-107-1.  In  August  of  1975,  one  of  these 
fittings  failed  at  Fort  Rucker,  and  was  returned  to  BUT  for  in- 
vestigation. The  BUT  findings  are  as  follows: 

Hotli  vertical  members  of  the  fitting  were  broken  and  com- 
l>letely  separatetl,  as  illustrated  in  Figure  G-7. 

Tlie  forward  vertical  member  failetl  first  and  was  broken 
throucjh  both  bottom  bolt  holes. 

'I’lu'  aft  vertic.il  member  failed  last  and  was  broken  througli 
the  bolt  holes  and  the  bottom  row  of  rivets;  it  was  bent, 
backwards  and  apparently  failed  in  a combination  of  ft'iisi on 
and  I'cnd  i nq  . 

Tlieii'  is  evidence  of  fatique  originating  at  the  outside  sur- 
f .K'l*  lit  liotli  veitical  members'  bolt  holes  (opposite  the  mit- 
I ! ii.  s)  as  iiiiiicated  in  Figure  Ci-7  . The  f atigue  covered 
ii  ■ at  in  peti-ent  of  .t  I'ro.ss-sect  ion  through  the  bolt  holes. 

I.  >\>>t  •:  i .‘c , louqti,  iu>t  itelnii  reii  and  showed 
• ' id  t>*-  I ( I n*i . 
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A hardness  test  confirmed  the  forging  was  7075-T6  aluminum 
as  required. 

The  possibility  exists  that  one  vertical  member  may  have  boon 
highly  loaded  due  to  an  offset  of  the  tiedown  tool. 

The  broken  fitting  reportedly  was  used  for  83  hours  of  tiedown 
operation  while  installed  in  Bearcat  #13.  BUT  requested,  via 
Telecon  with  Hawthorne  Aviation,  that  the  fittings  from  the  re- 
maining three  AIDAPS  test  aircraft  be  removed  and  inspected  foi 
cracks  at  the  suspected  initiation  area  by  the  dye  penetrant 
method.  Those  inspections  revealed  no  evidence  of  cracks. 
down  operational  times  of  10,  30,  and  110  hours  had  been  recorded 
on  these  fittings. 

The  BUT  Field  Investigation  Laboratory  records  show  one  similar 
failure  (in  1968)  . The  analysis  has  been  cleared  from  tlie  files. 
Field  Service  records  indicate  no  failed  fittings  in  operational 
service.  Field  Service  personnel  remember  that  the  USAF  had 
broken  a cargo  fitting  while  operating  on  tiedown  when  a tiedown 
tool  was  not  properly  installed. 

The  horizontal  plate  that  bolts  to  the  bottom  of  the  lift  beam  is 
not  in  one  plane.  The  forward  surface  is  lower  by  0.032  inches 
than  the  aft  surface,  as  indicated  in  Figure  G-7.  The  mainte- 
nance manual  is  incomplete  in  that  it  does  not  specify  a fore  and 
aft  [)osition  requirement. 

I'h'.'  following  cautions  were  recommended  for  tiedown  operation  ot 
the  lour  AIDAPS  helicopters  at  Fort  Rucker,  Alabama,  for  t iie  re- 
mainder of  the  [rrogram: 

Position  the  helicopter  so  tliat  the  cargo  hook  fitting  is 
directly  over  the  ground  tiedown  fitting. 

Load  the  helicopter  to  maximum  gross  weight. 

Install  the  skid  cross  ties. 

- Preload  the  tiedown  tool  to  525  in-lb  of  toi'gue. 

Remove  the  cargo  hook  fitting  after  each  10  hours  ot  tiedown 
operation  and  inspect  the  outer  surface  (opposite  the  nut 
plates)  for  cracks  at  the  bolt  and  rivet  holes  using  the 
zyglo  or  dye  penetrant  method.  If  cl'acks  are  visible  rtg^laoe 
the  fitting. 

- Upon  reinstallation  of  ttie  fitting,  bo  sure  that  t lie  : it.iina 
IS  {jositioned  correctly  in  the  fore  and  aft  direction. 

Upon  removal  of  the  helicopters  from  the  AIDAPS  progr.im,  i 
move  the  carejo  hook  fittings,  strip  the  paint  and  inspect 
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for  cracks  by  the  zyglo  method.  If  cracks  are  visible,  re 
place  the  fittinq. 

It  appears  that  the  failure  of  the  fitting  was  induced  by  rough 
hole  edges  and  oscillating  loads  while  operating  on  the  tiedown 
pad.  Preloading  the  tiedown  tool  prevents  oscillatory  loading 
through  the  cargo  hook  fitting. 


